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RUDOLPH ALBERT VON KOLLIKER 


| ese ALBERT KOLLIKER was born at Ziirich July 6, 1817 
and died at Wiirzburg November 2, 1905. His father was a banker 
in Ziirich and his paternal grandfather a schoolteacher. His mother 
was of the family Fuessli, one of whom was for many years Director of the 
Academy of Arts in London. Owing to the early death of his father his 
home training fell to his mother, who was a woman of great energy of body 
and mind and whose influence on her son and companionship with him 
lasted for fifty years. 

He early showed a predilection for nature study and in 1836 at the age 
of nineteen he entered the Medical School of Ziirich where he spent three 
years and was especially attracted to the zoologist OKEN and the botanist 
OswaLp Heer. His first published work entitled “Verzeichnis der pha- 
nerogamischen Gewichse des Kanton Ziirich, 1839” he dedicated to Heer. 
In 1839, after one semester at Bonn, he and his student friend CARL 
NAGELI went to Berlin; there he spent three semesters and was greatly 
influenced by JOHANNES MULLER, HENLE and EHRENBERG. In the autumn 
of 1840 he and his friends NAGELI and REMAK went to Foéhr and Helgoland 
on the North Sea coast to study the littoral fauna and flora, and he was 
ever after an enthusiastic student of marine biology. On his return to 
Berlin he published an important research on the nature of spermatozoa, 
in which he proved that they were cells derived from the cells of the testis, 
and not parasites. This paper served later (1841) as his dissertation for the 
Ph.D. degree at Ziirich. In the spring of 1841 he and NAGELI left Berlin 
for their native city and on the way stopped at Jena to meet SCHLEIDEN 
whose work, together with that of ScHwann, had already turned their 
attention to cell studies. Later in that year he and NAGELI went to Naples 
and Messina to study the wealth of life in the Mediterranean, and Kit- 
LIKER became especially interested in the early embryology of Cephalo- 
pods and demonstrated that the cleavage of the egg is a series of cell di- 
visions. In Ziirich, while preparing for his examination, he found time to 
study the first steps in the development of insects and this investigation 
earned for him the degree of M.D. from the Medical Faculty of Heidelberg 
in 1842. 

HENLE went to Ziirich as Professor of Anatomy in-1840 and in 1841 
K6LLIKER became his prosector. In 1844 he became Professor of Physiol- 
ogy and Comparative Anatomy at Ziirich and also taught Embryology 
and Comparative Histology, lecturing from fourteen to sixteen hours per 
week. In 1847 he was called to the Professorship of Physiology and Com- 








parative Anatomy at Wiirzburg and there he lived and worked for nearly 
sixty years, refusing all offers of positions elsewhere. 

Although his investigations covered almost every field of biology, in- 
cluding botany, zoology, physiology, embryology, and anthropology, it 
was especially the field of microscopical study that he cultivated most. 
The microscope was his instrument, above all others, and the cell was his 
chief object of investigation. He was one of the first, if not the very first, 
to introduce the newer microscopical technique of hardening, sectioning 
and staining. As early as 1845 he proved that nerve fibers are continuous 
with nerve cells, and many of his later works were on the structure of the 
central nervous system. MICHAEL FosTER said of him: “There is no frag- 
ment of the body of man and of the higher animals on which he did not 
leave his mark, and in more places than one his mark was one of funda- 
mental importance.” 

His many books and contributions on histology and embryology are 
classics, but the work which makes him most worthy of commemoration 
in GENETICS is his pioneer work on the cell theory, the nuclear basis of 
heredity, and what we now call the mutation theory of evolution. In 1844, 
fifteen years before his colleague VircHOw published his famous dictum, 
“Omnis cellula e cellula,” KOLLIKER had announced that the cleavage of 
the egg is a series of normal cell divisions and that every cell comes by 
division from a preexisting cell. In 1841 he proved that the spermatozoon 
is a cell and later he maintained that the nuclei of egg and sperm are po- 
tentially equal, that by the conjugation of these nuclei the first embryonic 
nucleus is formed and from this all the nuclei of the organism are derived. 
He maintained that these nuclei dominate all processes of development, 
that the inheritance material of the nucleus is Karyo-idioplasm (NAGELI’s 
Idioplasm), which is a definite morphological substance, and that the 
whole conformation of the developing organism depends upon the opera- 
tions of this substance. 

He rejected Darwin’s principle of natural selection as the cause of evo- 
lution and as a result of his study of alternation of generations in animals 
he held that evolution had taken place by sudden changes, which were 
brought about, not so much by outer as by “inner causes.” In this view 
he and NAGELI agreed. 

He retired from his professorship at Wiirzburg in 1897 when he was 
80 years old, but continued his microscopic work almost to the day of his 
death eight years later. His 80th birthday was celebrated by the Physi- 
kalische-medizinische Gesellschaft zu Wiirzburg, and on that occasion 
Boveri addressed him in words which reveal some of his outstanding 
characteristics: “Gifted with incomparable breadth of view and with rare 
intellectual acumen, you have always recognized the fruitfulness and im- 


portance of new thoughts, new observations, new methods, and with per- 
sistent youthfulness you have always lived in the new, so that you have 
led all your fellow workers. In every large scientific movement you have 
had a leading part.” 

With his friend von S1EBOLD he founded and edited the Zeitschrift fiir 
wissenschaftliche Zoologie. His textbooks went through many editions and 
were translated into most European languages. He travelled far and wide 
in his professional studies and wrote and spoke four languages with almost 
equal facility. Honors were showered upon him and the title “von” was 
added to his name. ALBERT VON KOLLIKER richly deserves a place in 
GENETICS’ gallery of the founders of that science. 


EDWIN GRANT CONKLIN 





THE INHERITANCE AND EXPRESSION OF FUSED, A 
NEW MUTATION IN THE HOUSE MOUSE 
SHELDON C. REED 
Bussey Institution, Harvard University, Boston, Massachusetts 


Received July 18, 1936 


INTRODUCTION 

HIS mutation of the house mouse arose in the stocks at the Bussey 

Institution previous to 1931. Because of its phenotypic similarities 
the character had been confused with the recessive flexed-tail (HUNT 1933) 
and its independence of flexed was not realized until these experiments 
were made. Fused is in the same chromosome as Brachyury, as will be 
shown in this paper, while flexed is not in this chromosome (CLARK 1934). 
It follows that recessive flexed and dominant Fused are entirely distinct, 
genetically. 

DESCRIPTION OF FUSED 

Some of the most frequent expressions of Fused consist of various types 
of asymmetrical fusions of vertebrae, of lack of the whole tail or part of 
it, and of ribs fused at their proximal ends but separating into the com- 
ponent ribs at any place along their length. Sometimes the embryonic 
manifestations of the character cause bifurcation of the tail distally with 
growth proceeding from each part of the divided growth center. 

It is proposed that the name “Fused” be used for all expressions of the 
character, and that its symbol be “7”” indicating its probable allelism with 
Brachyury (7). 

Many of the variations of Fused have been studied in whole specimens 
cleared in potassium hydroxide and glycerine. Nitric acid macerations 
which leave the nervous system intact have also been employed. 

Practically all the variations of brachyury figured in the papers of 
ZAVADSKAIA and associates (1927-1934) have counterparts in Fused vari- 
ants. All types and degrees of tail abnormalities are noted with both char- 
acters. Of the variants peculiar to Fused, the bifurcated tails, fused ribs, 
and an occasional rudimentary hind leg lacking the metatarsals and other 
bones, are most noticeable. The vertebrae of the Fused animals are often 
fused in the thoracic and lumbar regions with resultant angles in the ver- 
tebral column. 

The bifurcation of the tail may prove to be a problem of general interest. 
The normally unilateral blood vessels and vertebrae become double pos- 
teriorly allowing functional vertebrae in each half of the bifurcation. Nitric 
acid macerations seem to show that in the normal animals the main nerves 
innervating the tail come from the sacral region and grow into the tail— 
a bilateral system. In the bifurcated part of the tail, each half of this bilat- 
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eral system went into a part of the bifurcation. Thus the normal part of 
the tail is bilaterally innervated while the bifurcations are each unilaterally 
innervated. 

Extensive rib abnormalities are often present. One animal shows on the 
left side alone, the fourth rib incompletely ossified for the middle third of 
its length. The seventh and eighth ribs leave their respective vertebrae 
separately but fuse immediately and continue joined for about a centi- 
meter before separating again. The thirteenth rib comes off at the same 
place as the twelfth but separates from it almost immediately. 

Another animal showed the most extreme lack of ribs noted; she was 
also tailless. On the right side only 9 of the usual 13 ribs were present. One 
of the 9 was of double thickness out to the end where the components 
separated. Counting the fused rib as two ribs, there are still three entirely 
absent. 

An embryological study of Fused showed the first observable abnormali- 
ties to be poor alignment of the notochord and distinct curves and angles 
of the neural crests. CHESLEY (1935) found that it was the notochord 
which first became abnormal in homozygous brachyuric mice. Indeed, the 
embryological pictures of fused and brachyury are quite similar. 

In the search for effects of environmental factors it was found that there 
is no correlation (r=0.05+0.10) between the size of the litter in which an 
animal was born and the degree of expression of Fused. Neither was there 
an apparent effect of the age of the mother upon the degree of expression 
of Fused in the offspring. Birth rank is also a factor of negligible impor- 
tance in determining the variability of the character. 


GENETIC BASIS OF FUSED 


Fused is a dominant character but animals which are genetically fused 
often appear entirely normal. Proof that such phenotypically normal ani- 
mals may be genetically Fused comes from crosses of them with inbred 
strains known to be genetically normal. As an example, a male (7‘16) 
gave 25 fused and 2 phenotypically normal young, when crossed with nor- 
mal females. Both phenotypically normal young produced fused young 
when mated with the normal Strong albino strain and therefore both were 
“normal overlaps.” This case was selected because it proves this male to 
be homozygous for T’, as all 27 F; young were fused. Several other animals 
were proved to be homozygous for 7” as a result of testing their phenotypi- 
cally normal progeny, though the test was usually not complete because 
of the death of one or more of the normals of a sibship before testing. 
Another male gave 28 young, all Fused, when crossed with normal females. 

Animals tested and proved to be homozygous for Fused were all extreme 
grades of expression but an occasional heterozygous animal has been found 
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to exhibit as marked abnormalities, so that progeny tests are necessary 
to prove whether an animal is homozygous for 7’. 

Many fused animals have been crossed with animals from various inbred 
normal strains. The Fused animals used here exhibited strong expression 
of the character and the evidence shows that they were homozygous for 
the gene. The F; derived from these crosses consisted of 253 Fused and 83 
animals with phenotypically normal tails. Table 2 includes these 336 ani- 
mals as well as others. 


TABLE I 


The increase in Fused expression (dominance) when selected strongly Fused animals of successive 
generations are backcrossed to a normal strain (Pincus). 





PARENTS OF THE GENERATION GENERATION FUSED NORMAL % FUSED 





Homozygous Fused o'7/16X Pincus ? 9 G, (or F,) 


Strongly Fused G; 9 9 XPincus o G2 22 73 23.2 
Strongly Fused G2? 9 XPincus G; 32 87 26.9 
Strongly Fused G3" XPincus ? 9 G, 24 30 44-5 





The increase in Fused expression is of the same (or greater) order when selected weakly Fused animals 
of successive generations are backcrossed to the normal strain. 





PARENTS OF THE GENERATION GENERATION FUSED NORMAL % FUSED 





Homozygous Fused o& 7716 Pincus 2? ? G, (or F;) 
(same as above) 


Weakly Fused G; 9 2 XPincus @ G: 49 133 27.1 
Weakly Fused G:9 9 XPincus 7 Gs; 26 70 27.1 
Weakly Fused G3" XPincus ? 9 Gy 10 10 50.0 





The F; derived from matings of some of these F, Fused animals was com- 
posed of 191 Fused and 140 straight-tailed. With complete dominance we 
would expect 248.25 Fused and 82.75 normal. Some of the F; animals were 
backcrossed to the normal parent races and a progeny of 2057 animals 
recorded. This backcross generation consisted of 786 Fused and 1271 
straight-tailed. 

Should there be modifiers in the various normal strains affecting the 
dominance of fused directly it should be easy to increase the percentage of 
Fused with successive backcrosses if only those Fused animals were used 
in backcrossing which exhibited the most extreme expression of the gene. 
The genes for extreme expression in the original Fused strain would be 
saved and added to those derived from the normal strain. If the opposite 
practice of selecting for weak expression is followed, the percentage of 
Fused should fall with each generation. 

Table 1 shows that selection for modifiers controlling the degree of Fused 
expression (strong or weak) was entirely ineffective. Actually the strain 
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selected for slight expression gave a higher percentage of Fused at the end 
of the experiment than did the strain in which there was selection for ex- 
treme Fused. Jt is clear, from the table, that the percentage of Fused in- 
creases in both cases whether selection was for weak or strong Fused. It 
is suggested that modifiers of the normal (Pincus) strain allowed more 
frequent expression of Fused but did not determine the degree of expres- 
sion. 

Continuous outcrossing of this sort is a method for determining whether 
there is only one important gene which causes the Fused effect when pres- 
ent in the heterozygous or homozygous state. We would not expect clear 
1:1 ratios of Fused to normal in the Jater generations of the outcrossing if 
there were several genes, each of which, independently, brought about the 


TABLE 2 


The difference in overlapping of Fused in reciprocal crosses. 





PERCENT 








CROSS FUSED NORMAL 
OVERLAPS 
Q Fused X o normal produced an F; of 123 127 50.8 
9 Normal X o Fused produced an F; of 199 52 20.8 


n=501 x?=4.8 P=between .o5 and .o2 








Fused condition. Nor would we obtain such a ratio if their action were 
cumulative. Table 1 shows that with repeated outcrossing the approxima- 
tion to a 1:1 ratio becomes better, whereas on a multiple factor hypothesis 
the percentage of Fused would decrease with continued outcrossing and the 
approximation to a 1:1 ratio become worse. 

As a test, a strongly Fused male of the first outcross generation (G;) 
was backcrossed to normal females, with the resulting production of 45 
Fused and 42 non-Fused animals. There was practically no overlapping 
with the normal if we assume a single dominant; but if the father was 
heterozygous for two factors which could cause Fused independently, 
then about half of the 42 non-Fused animals were normal overlaps. The 
first 24 of these 42 normal were reserved at birth for testing to ascertain 
whether they were genetically fused. 

It will be shown that non-Fused animals which are overlaps usually 
produce good percentages of Fused when crossed with normal strains 
Therefore it should be easy to distinguish which of these 24 phenotypically 
normal animals were overlaps if each is crossed with the normal and suffi- 
cient progeny raised. One genetically Fused animal was found among the 
17 which survived till tested. It produced 38 non-Fused and 36 Fused, a 
fine approximation to a 1:1 ratio. The 16 sibs of this male produced only 
normal young; they were not overlaps. These 16 produced between 25 
and 278 normal young each. 
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Conclusive evidence that there is a single dominant gene, Fused, would 
follow from a proof of linkage between this dominant and some one of 
the other characters of the mouse with known linkage relations. Such evi- 
dence will be presented in a later section of this paper. 


POSSIBLE INTERACTION BETWEEN A MODIFIER (OR MODIFIERS) 
AND THE FUSED GENE BEFORE FERTILIZATION 
OF THE EGG 


A favorite method of attack upon the problem of maternal inheritance 
consists of reciprocal crosses between animals exhibiting the character in 
question and normal animals. Should the F, from the cross of normal 


TABLE 3 


The difference in overlap ping of Fused in reciprocal crosses (F, fused X normal). 





PERCENT 





Cross FUSED NORMAL 
OVERLAPS 
Q F, FusedXo normal produced 33 120 57-0 
9 normalX o" F; Fused produced 68 96 17.1 


N= 317 x?=15.6 P= <.o1 





mothers with Fused fathers differ significantly in percentage of overlaps 
from the F; of the reciprocal cross, it might be concluded that the mother 
had a non-chromosomal effect upon Fused expression. The reciprocal 
crosses yielded strong evidence that there is some kind of “maternal influ- 
ence” concerned with the overlapping of Fused. The significant difference 
in the F, from the reciprocal crosses is shown in table 2. This amount of 
overlapping may be compared with that in the offspring of known homozy- 
gotes; known homozygotes mated together produced 175 Fused and 88 
phenotypically normal which is equivalent to 33.5 percent overlapping. 

Chromosomally the two classes of F; should be identical (as Fused is 
not sex-linked). There must be some other factor affecting the expression 
of fused because of the extremely small probability that such a large dif- 
ference between the reciprocal crosses is due to chance alone. 

Both male and female F, Fused were backcrossed to normal strains of 
various derivations to ascertain whether the possible “maternal effect” is 
inherited. It appears to be a regular feature. Table 3 shows the reciprocal 
crosses of the F, Fused animals backcrossed to the normal. Again the nor- 
mal mothers produced fewer overlaps. 

Such a pronounced “maternal effect” merits further investigation. The 
experiment was repeated and extended with confirmatory results. The 
following data are not related to those just presented except that the same 
gene is under scrutiny. The normal animals were especially procured for 
the new study and had not been used in the previous one. 
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Fused males and females were crossed with a strain of normal albino 
mice obtained from Dr. Pincus. These mice had been inbred, brother with 
sister, for many generations and were probably genetically homozygous. 
Fused females (F, or G,) from the cross of Pincus normal females by Fused 
males were backcrossed to the Pincus strain and produced the second gen- 
eration (G2). No G2 was produced from Fused males by normal females. 
Fused males and females of the G2 generation were again backcrossed 
with the Pincus strain and a third generation produced (G3). Fused ani- 
mals of both sexes of the G; generation were once more backcrossed with 


TABLE 4 


Inheritance of the significant difference in Fused expression in reciprocal crosses. 





PERCENT 




















CROSS FUSED NORMAL GENERATION 
OVERLAPS 
9 Fused (parental) Xo normal (Pincus) produced 13 13 50.0 Gi 
*Q Fused (G;) Xo normal (Pincus) produced 72 230 52.3 G2 
Q Fused (G2) Xo normal (Pincus) produced 57 156 46.5 G; 
Q Fused (G3) X normal (Pincus) produced 48 88 29.4 Gy 
9 Fused (G4) X o@ normal (Pincus) produced I 7 Gs 
Q Fused (G,;—G,) X @ normal (Pincus) produced 178 481 46.0 G,-G; 
Q normal (Pincus) X o Fused (parental) produced 25 2 7.7 G; 
Q normal (Pincus) X o Fused (G;) produced None G2 
9 normal (Pincus) X co Fused (G2) produced 52 48 0.0 Gs 
normal (Pincus) X o Fused (G;) produced 34 40 8.1 Gy, 
¢ normal (Pincus) X co Fused (G4) produced 53 67 11.7 G; 
9 Normal (Pincus) X co Fused (G2-G,) _—_ produced 139 155 5-4 G;-Gs 





* From normal 9 X Fused @ 


the Pincus strain and the resulting (G,) Fused males-and females were 
again backcrossed to the Pincus normal strain for a fifth (G;) generation. 
One may see in table 4 that the reciprocal effect persists through all these 
generations. The difference between the 46 percent overlapping when the 
mothers of the various generations were Fused and the 5 percent over- 
lapping when the fathers were Fused is highly significant (x?=40, n=1). 

The criticism could be raised that the fathers were of a higher, more 
extreme grade of fused than the mothers due to chance selection. The 
criticism is not valid if we judge the grade of Fused from its phenotypic 
expression. Careful tracings were made of the tails of each of the Fused 
parents just after death of the animal. A comparison of the tracings and 
the breeding records shows that the most extreme Fused female (D327, 
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G;) produced 10 fused and 28 normal offspring, with 47 percent overlap- 
ping, whereas a male (D194, G;) with but a slight manifestation of Fused 
at the tip of the tail, produced 52 Fused and 48 normal, with no overlap- 
ping. 

If some property of the Y chromosome accounts for the small amount 
of overlapping among the progeny of Fused males, then the daughters of 
Fused males should be straight-tailed more frequently than the sons, which 
possess the Y chromosome. However, table 5 shows that there are no more 
straight-tailed females than males in undepleted litters. Therefore, the 
expression of Fused is not dependent upon some special property of the 
Y chromosome. 

TABLE 5 


Sex of Fused animals in undepleted litters from various Fused crosses 
(Fused X Fused and Fused X normal). 








GOO) FUSED FAIR FUSED NON-FUSED 
Males 80 29 56 
Females 81 34 55 





Maternal inheritance in plants and animals has been well established. 
Plastid inheritance and male sterility in plants are among the generally 
recognized features. In animals the situation has been less thoroughly 
developed, but there are a few cases where extra-chromosomal influence 
has been clearly demonstrated (PLouGH and IvEs, 1935). 

Fused might be regarded as a case in which cytoplasmic inheritance 
could be inferred from the data in tables 2, 3, and 4. It might be assumed 
that the Fused gene happened to mutate in a race of which the cytoplasm 
is inhibitory toward Fused expression, thus yielding the large percentage 
of overlapping in the inbred Fused strains and in any other crosses in which 
the cytoplasm of the zygote is supplied by the Fused race. The cytoplasm 
of most normal races would be less inhibitory toward the Fused gene, so 
fewer overlaps would result if the male supplies the Fused gene and the 
normal female supplies the cytoplasm not inhibitory to expression of the 
Fused gene. 

But this explanation is invalid. In table 4 the cytoplasm of all the vari- 
ous backcross generations came directly from the normal Pincus strain. 
Thus the cytoplasm of all the animals of table 4 is from the normal rather 
than from the Fused strain, in the backcross generations. It will be recalled 
that ali G; animals were offspring of G; Fused females and Pincus normal 
males (top half table 4). There was no reciprocal Gz from normal females 
and G,; Fused males, such a cross having been intentionally omitted. But 
all the G, Fused females (used to produce the Gz) were daughters of nor- 
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mal females by Fused males (G; of bottom half of table 4). Thus all the 
Gz animals developed from eggs with Pincus cytoplasm and as all G3, G, 
and C; animals in both halves of table 4 descended from Gz (with normal 
cytoplasm) they all had cytoplasm inherited only from the Pincus normal 
strain. As the cytoplasm of the eggs came from the Pincus strain and not 
from the Fused strain it would have been impossible to have any inhibitory 
effect of Fused cytoplasm because none is present. Though we can no 
longer consider continuous inheritance of what looks like a maternal effect, 
through an unbroken line of cytoplasm, still we must admit the existence 
of a very definite effect of some sort. 

Two remaining possibilities will be considered. Both assume the action 
of genetic modifiers inhibiting the expression of Fused. Both explanations 
fit the facts well but neither can be proved to be the correct one at present. 
The different results of the reciprocal crosses might be due to an effect of 
modifiers of the genotype of the mother working through the uterus to 
inhibit Fused expression. One might question the probability of genetic 
agencies taking effect on the young through the uterus of the mother. 
Further, it might be expected that such uterine influences would increase 
rather than decrease the percentage of abnormal young. 

The second possibility is that there are genetic modifiers which interact 
with the Fused gene to weaken or inhibit its expression. Such interaction 
must take place, if at all, before fertilization of the egg. It may be assumed 
that the modifiers are present to a greater or lesser degree in all strains of 
mice and that if the Fused gene is also present in the unfertilized egg the 
inhibitory reaction prevents the embryo from expression of Fused in many 
cases, and thus the number of overlaps increases. If the Fused gene is 
not present in the unfertilized egg the modifiers cannot interact with it so 
that at the proper time (after fertilization) the Fused gene introduced by 
the sperm will cause its effect, uninhibited, and there will be little, if any, 
overlapping. 

It should be understood that the interaction between the Fused gene and 
inhibitory modifiers is assumed to take place very early in development 
and to “condition” the cytoplasm before entrance of the sperm and fer- 
tilization. After this interaction has occurred and the cytoplasm is con- 
ditioned, entrance of the sperm probably has less effect on the expression 
of Fused. Whether or not a second Fused gene is introduced (at fertiliza- 
tion) seems to make some difference (12.5 percent) in the expression of 
fused, for there were 46 percent overlaps if no Fused gene entered at fer- 
tilization (table 3) and 33.5 percent overlaps if a Fused gene did enter 
(progeny from homozygous parents). 

If the conditioning of the cytoplasm did not take place before fertiliza- 
tion (in normal females no fused gene was present to interact with the 
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modifiers) the Fused gene, brought into the normal egg by the sperm, was 
allowed nearly complete expression and fewer (5.4 percent) overlaps re- 
sulted. 

Fused behaved in an interesting way in a species cross between the 
house mouse, Mus musculus, and the Asiatic mouse, Mus bactrianus. The 
inhibitory effect was greater to the extent that Fused lost its dominance 
completely. All 20 young from the cross of 2 homozygous Fused musculus 
females by normal bactrianus males were straight-tailed (normal). When 
two of the F, males, which were straight-tailed but must have carried the 
Fused gene, were crossed to normal musculus females 48 backcross young 
resulted. All were straight-tailed. Apparently so many inhibitory modi- 
fiers have accumulated in bactrianus that the Fused gene cannot express 
itself at all in this species; the modifiers in bactrianus probably take effect 
after fertilization. 

GREEN’S (1935) observations on crosses of brachyuric Mus musculus 
with normal Mus bactrianus were that the dominance of Brachyury, which 
is usually observed in pure musculus crosses was lost when one of the 
parents was bactrianus. Because Brachyury is similar to Fused and prob- 
ably allelic to it one might speculate that the same bactrianus inhibiting 
modifiers affect both mutants. 

A modifier interaction with the Fused gene as accounting for most of 
the overlapping of animals carrying Fused genes is tentatively indicated 
as the factor predominantly responsible for the incompleteness of domi- 
nance of the character. If such is the case this interaction produces an effect 
simulating maternal or cytoplasmic inheritance. 


BIFURCATION OF THE TAIL 


Early in the Fused investigations an animal exhibiting a bifurcation of 
the tail appeared. The tail was like that of other Fused animals except 
that at the distal end it divided into two approximately equal parts. Other 
bifurcated animals appeared from time to time in the Fused stock; usually 
the bifurcation resulted in unequal parts, the smaller part never exceeding 
3 centimeters in length. 

We observed 125 Fused animals showing this bifurcation of the end 
of the tail. Never were there any animals with bifurcations which did not 
also exhibit vertebral fusions and displacements typical of Fused. It is 
possible that there is a particular modifier of Fused which causes the bifur- 
cation and an attempt was made to test this. Animals with bifurcated tails 
crossed together produced 20 bifurcated and 181 Fused but not bifurcated 
(10.0 percent of the young were bifurcated). Bifurcated crossed with Fused, 
but non-bifurcated, gave 18 bifurcated and 143 non-bifurcated (but Fused) 
offspring or 11.2 percent bifurcated. Bifurcated animals crossed with nor- 
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mal non-Fused strains produced 7 bifurcated and 46 Fused, non-bifur- 
cated, young (13.2 percent bifurcated). 

It may be, then, that the bifurcated condition is not determined by 
specific modifiers because no more bifurcated young are produced when 
both parents were bifurcated than when only one was affected. Probably 
bifurcations result from a particular type of mechanical variation of the 
Fused gene expression during embryonic development. 


TABLE 6 


Tests for linkage of Fused. 
The expectation of equal frequencies of parental and crossover gametes is realized with these characters. 





LINKAGE PARENTAL 





GROUP boa COMBINATIONS ee 
f. Albinism gl 87 
Pink-eye ~; 37 31 
2. Non-agouti 85 72 
Pink-eye p2 12 14 
(Robert’s) 
3. Brown 51 59 
4. —. 84 82 
%. | Wavy (Crew) 43 41 
6. Piebald 68 69 
7. Dominant spotting 85 89 
8. Waltzing 17 17 
9. Rodless retina 21 25 
10. Naked 116 III 
II. Leaden 61 60 
12. Shaker shz 32 32 
13. Harelip 5 2 





LINKAGE OF FUSED 


The tendency of Fused to overlap could complicate a linkage study 
but fortunately such complications were removed automatically by the 
nature of the crosses which caused the overlaps to fall into a parental and 
a crossover class in equal proportions. Tests showing that there is no asso- 
ciation between Fused and certain of the other independent characters 
are summarized in table 6. In this table no deviation, when divided by the 
probable error, was greater than 1.4; therefore none was significant. 

The characters dwarf and hydrocephalus (CLark) require different 
treatment because breeding experiments with them are made with hetero- 
zygous dwarf and hydrocephalus and not with homozygotes which are 
usually infertile or of low vitality. F, animals heterozygous for both Fused 
and dwarf, when mated, produced an F; of which one fourth of the dwarfs 
would be expected to be non-Fused. Owing to particularly great overlap- 
ping of Fused in the dwarf cross there is not a very good agreement be- 
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tween observed and expected, but if correction is made for the overlapping, 
the agreement is satisfactory (see table 7). 

On account of phenotypic similarities between Fused and the character 
flexed-tail (which is closely linked with anaemia) it was necessary to test 
for linkage between anaemia and Fused in this manner. Fused animals were 
crossed with homozygous anaemics. Fused F; (but not anaemic) animals 
were crossed inter se. Three fourths of the F, anaemics from this cross 
should be Fused if there is no linkage, while with complete linkage none of 
them should be Fused. Seventeen of these anaemics were raised and 
crossed with normal strains unrelated either to the Fused or anaemic 


TABLE 7 


Absence of linkage between Fused and the two independent characters 
dwarf and hydrocephalus (CLARK’S). 








LINKAGE PARENTAL RECOMBINATION 
GROUP — (BOTH CLASSES CORRECTED FOR OVERLAPPING) 
14. Dwarf 
Observed 3 10 
Expected 3-25 9-75 
rs. Hydrocephalus 
Observed 8 19 
Expected 6.75 20.25 





strains, to test for the presence of Fused and to distinguish it from the 
recessive flexed-tail. Ten of the 17 were found to be Fused and probably 
more were Fused but not detected. It is safe to conclude that there is no 
close linkage between Fused and anaemia. 

One character remains which will be tested extensively. CLARK (1934) 
found Brachyury to be independent of the characters which we have 
tested against Fused. Assuming that the independence of these characters 
is real and not due to failure to detect loose linkages, we can state that 
Fused and Brachyury are both independent of perhaps 15 of the 20 chro- 
mosome pairs of the mouse. Therefore there is 1 chance in 5 that they are 
linked with each other. The evidence indicates a close linkage, with the 
possibility that the two genes are alleles. 

As a test, F; animals heterozygous for both Brachyury and Fused were 
outcrossed to normal unrelated stocks. If the two genes are in different 
chromosomes one fourth of the offspring would lack both and would be 
completely normal. 

The progeny observed at birth when F;, (heterozygous for both Brachy- 
ury and Fused) were crossed with normal animals, consisted of 205 
Brachyuric or Fused and 40 normal. It is quite probable that some, if not 
all, of these 40 are normals. If all of them are overlaps, the proof is excel- 
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lent that Brachyury and Fused are either alleles or very closely linked. 

Of the 40 phenotypically normal 17 survived until tested for Fused. 
Twelve proved to be genetically Fused; the other five were females and 
did not produce any Fused young when mated with normal, though only 
one of them produced as many as 26 normal young. It is noteworthy that 
all the straight-tailed normal males were found to be genetically Fused and 
that the five animals not proved to be Fused were all females. Probably 
they are Fused also, but owing to the tendency of females to give more 
normals in any type of cross than do males, the tests were probably not 
extensive enough. 

If the overlaps that were discovered are added to the visible Fused (and 
subtracted from the straight-tailed class) the total is now 217 Fused or 
Brachy and 28 straight. Of the 28 remaining straight-tailed 23 died before 
a test could be completed. Considering all these to be actually straight 
(which is highly improbable) we know that were Brachyury and Fused 
independent, we should expect 61 straight and 184 Fused or Brachy. The 
deviation from this expectancy is very large, and, divided by the probable 
error, is equal to 7.2. The odds against such a large deviation being due to 
chance alone are greater than 500,000 to 1. 

On an assumption of linkage, there is less than 10 percent crossing-over 
between Fused and Brachy. It is impossible to tell at present whether it 
is much less than 10 percent, or even whether Fused and Brachy are alleles. 
The proof that they are in the same chromosome seems quite satisfactory. 

An F; from the F; animals heterozygous for both Fused and Brachyury 
consisted of 58 abnormal and 1 phenotypically straight. This experiment 
corroborates the previous ones, for if Fused and Brachyury were not borne 
in the same chromosome, at least one-twelfth of the F; animals should have 
been normal. 

As Brachyury and Fused are near together in the same chromosome 
they may be alleles. Both are dominant genes with phenotypic effects 
which have a similar embryology. The variations produced by one of the 
characters are paralleled by those of the other. Fused behaves as would 
a less severe allele of Brachyury. Fused and Brachyury behaved the same 
in the species cross with Mus bactrianus; both lost dominance. The evi- 
dence that Fused and Brachyury are not identical is chiefly this. Fused 
differs from Brachyury in overlapping with the normal and in that Fused 
homozygotes are viable; homozygous Brachyuric animals die during the 
eleventh day of embryonic life. 


SUMMARY 


Fused is a dominant mutation in mice causing various types of asym- 
metrical fusions of the vertebrae, lack of the whole tail or part of it, absence 
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of from one to three ribs on each side of some animals and occasional 
fusions of ribs. Embryologically the gene seems to affect the neural crests 
and notochord. The factor predominantly responsible for the incomplete- 
ness of dominance of Fused seems to be an interaction of genetic modifiers 
with the Fused gene which takes place before fertilization of the egg. The 
observed results could be due also to maternal genetic modifiers working 
on the young through the uterus of the mother. This interaction produces 
an effect simulating maternal or cytoplasmic inheritance. 

When the Fused gene is introduced into another species of mice, Mus 
bactrianus, the dominance observed in the house mouse (Mus musculus) 
is lost completely. 

Fused is in the same chromosome as Brachyury and probably the two 
characters are alleles. 
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INTRODUCTION 


HE processes which lead to the formation of patterns during ontog- 

eny in animals are at present very imperfectly understood. Con- 
cerning the mechanisms underlying even such apparently superficial pat- 
terns as the markings of the skin and hair in mammals we have almost no 
knowledge; yet they provide a rich and varied material from which it 
should be possible to discover some of the steps by which one part or area 
of the body comes to differ from another. Many of these patterns are 
hereditary and by selection, both in nature and under domestication, have 
come to be characteristic of species, varieties and family lines. They have 
been much used as material in the study of heredity and several of the 
variations have been shown to depend upon relatively simple genic dif- 
ferences. Thus to our interest in them for the light they may throw on 
some of the problems of individual development is added at once a new 
problem, how the genes influence a specific pattern, and one of the means 
for studying it, that is, the ability to bring certain pattern variations under 
the control of experimental breeding. 

Of major importance from both points of view are the variations in 
white spotting in. the domesticated rodents which can be bred rapidly in 
the laboratory. ‘The various forms of white spotting which occur in other 
mammals are all known in rodents, so the generalizations from this order 
may provide a basis for understanding similar patterns common to other 
groups. The basic variation moreover is an apparently simple one in all 
mammals, the failure of the hair follicles of certain regions of the skin to 
form the normal pigments (melanins) which appear in other areas. 

In rats, mice, guinea-pigs and rabbits differences between the white 
spotted and the solid or self colored (the wild type) condition depend upon 
gene: substitutions; and the differences between several of the different 
spotting patterns within some of the species have also been shown to men- 
delize although in none of them has a complete genetic analysis been made. 


1 The investigations reported were supported in part by the Fund for Research of Columbia 
University. The assistance of Mr. Nathan Kaliss, Mr. G. A. Lebedeff, Miss Ilse Michaelis, Miss 
Jeanne Coyne, and Mr. Gottfried Spinnar, at various points in the study, is gratefully acknowl- 
edged. A preliminary report has been published in abstract form (Dunn and Charles 1933). 
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The genes which have been identified have been listed and the effects of 
the spotting genes in the different species have been compared by CASTLE 
(1930a). Detailed descriptions and bibliographies will be found in CASTLE 
(1930b) and in KEELER (1930). In the rat two mutant genes with major 
effects on spotting are known: “hooded” in which the head and a stripe 
along the back are colored and the rest of the body is white, and “Irish” 
in which a white spot appears only on the belly. These behave as alleles 
of each other and of the wild type condition. Within the hooded type there 
is considerable variation in the extent of the white areas and this has been 
shown by CasTLE and Pincus (1928) to be due to mutant genes (probably 
many with small effects) which influence the quantity of white spotting. 
In addition there is variation in the hooded pattern in long inbred and 
presumably homozygous lines, due probably to random developmental 
variations not under genetic control. In the guinea pig one mutant gene s 
is known which differentiates white spotted from self colored forms. How- 
ever, ss animals isogenic for all other loci (in so far as long-continued 
inbreeding can produce the latter condition) may vary from nearly 
self colored to nearly all white, due largely, according to WricHT 
(1920) to random developmental variations not directly under the control 
of genes. Other mutant genes modifying the pattern effects of s may occur 
(PIcTET 1925; ILJIN 1928), but their existence and behavior apart from s 
are not well attested. That multiple modifying genes with small cumula- 
tive effects on the total extent of white spotting exist in the guinea pig 
as in the rat is shown by the differentiation between long inbred pied fami- 
lies in average extent of white spotting (WRIGHT 1920 and 1922), and by 
the results of crossing inbred lines (WRIGHT and CHASE 1936). 

In the rabbit two mutant genes with major effects on spotting are 
known. One (English) when homozygous restricts pigment to eyes and 
ears; the other (Dutch) when homozygous restricts pigment to the head 
and posterior part of the body and produces a blue or wall eye. At least 
three other genes, one of which may be an allele of Dutch, are concerned 
in producing variitions in the latter type of pattern from almost self- 
colored to nearly all white, and there are probably in addition genes with 
minor quantitative effects (PUNNETT and PEASE, 1925). No estimates of 
the degree of non-genetic variation have been made, but its importance 
is probably much less in rabbits than in guinea pigs. 

The spotting genes of the house mouse will be discussed in detail below. 
Here it may be noted that two genes with major effects have heretofore 
been identified, one being found in the pied or blotched forms, the other 
in the more irregularly spotted “variegated” forms and both together in 
black-eyed whites. There is ample evidence of multiple genes with quanti- 
tative effects modifying the extent of white spotting and indications of one 
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gene which restricts pied spotting to the head and belly only. In both the 
house mouse and the deer mouse, other mutant genes with minor effects 
on white spotting (blaze, tail or ventral spotting only) have been reported 
several times. There is a considerable degree of non-genetic variation in 
pied spotting of the house mouse, since inbred families may show individ- 
ual variations over a wide range. 

In each of the rodents studied one or more genes with major effects on 
white spotting have been found and in each there is evidence of a number 
of other genes with minor effects. The preservation of these many mutant 
forms is probably due to conscious selection of variant types during the 
long history of domestication of these species. Only a few mutant genes, 
and these all with small effects (blaze, tail or belly spots) have been obtained 
directly from the wild type. The more extreme departures from the wild 
type, in which most of the body is white, appear in each case to be due to ac- 
cumulations of several genes with quantitative effects. In none of these forms 
is all of the variation in extent of white spotting due to the action of mutant 
genes, but the degree of determination by genetic and other agencies varies 
from species to species. The highest degree of genetic determination appears 
in the rat in which the one pattern type (hooded) breeds true within fairly 
narrow limits. At the other extreme is the guinea pig in which much of the 
variation is non-genetic. The rabbit and the mouse occupy intermediate 
positions in this respect. This is of some importance in judging the suit- 
ability of the different species as material for an analysis of the action of 
the spotting genes; for the advantages of experimental control over the 
material can be obtained only where spotting is largely controlled by genes. 
Other requisites are the existence of a number of utilizable genes with in- 
dividual effects considerable enough to be measured, expressed in a variety 
of patterns in all parts of the body and relatively independent of environ- 
mental variations. These conditions seem to be reasonably well met by 
the house mouse, as discussed below, and in addition this species has the 
largest number of other located genes and breeds most rapidly. 

Many unsolved problems stand in the way of immediate use of any of 
these variations for the eventual questions proposed. The first is the lack 
of a sufficient genetic analysis of the spotting variations which in general 
form a continuous series of which only the grosser steps can now be attrib- 
uted to specific genes. Such an analysis is needed to order to describe in 
quantitative terms the effects of the several genes of a complex, their inter- 
actions with each other and with other mutant genes, particularly with 
respect to the relative dependence of the effects of one spotting gene upon 
the effects of another (modifying relationships), their relative degrees of 
dominance in various combinations, and the extents to which their effects 
cumulate; and whether the effects of some are primarily on the pattern 
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(localization of white and colored areas) or are more purely quantitative 
or general. Questions concerning the allelism and location of the genes 
wait upon such knowledge of their individual effects. Much of this infor- 
mation can be obtained by the recognized technique of experimental 
breeding aided by quantitative observational methods. Many problems 
of interpretation are raised by the data already in hand, whether, for 
example, the same genetic constitution is present in both white and colored 
areas or whether these differences are due to somatic segregation or so- 
matic mutation; whether the potentialities for formation of pigment and 
pattern are equal or diverse in the various surface regions; and in either 
case whether these conditions arise by embryonic localization in the usual 
sense or through some other mechanism. Finally what inferences do the 
data permit whereby the genes, whether or not the same in all points of 
the pattern, may be connected with more primary effects than the differ- 
ences in the completed pattern? 

The following papers are concerned chiefly with the presentation of new 
data from a genetical analysis of quantitative variations in (1) pied and 
(2) variegated spotting of the house mouse and (3) interactions between 
genes influencing spotting and those influencing background color; and 
secondarily with (4) the determination of specific localized patterns and 
(5) possible interpretations of the action of the genes involved with special 
reference to conditions in the mouse. 


THE PIED PATTERNS OF THE HOUSE MOUSE 


In the house mouse is found the whole range of variation from unspotted 
or self-colored animals to those in which the whole coat is white, the only 
color appearing in the eyes. Two chief mutant genes influencing white 
spotting have been identified through the work of CuENot, DuRHAM, 
LirtLe, So and Imat and others. One of these (W) is found in the so-called 
black-eyed-white mice and in the “roan” or “variegated” forms, in which 
the black and white spots are generally small and scattered irregularly. 
These types will be .:scussed later (Part IT). 

The second major mutant gene (s) is found in the piebald (pied) or 
blotched forms shown in figure 1. The amount of white and the location 
of the white spots are extremely variable, but in pied forms generally the 
white and colored areas are discrete and clearly marked off. 

In spite of the great variability, there is evidence of a general pattern 
which is common to most of these types. In pied forms the belly is usually 
more spotted than the back, that is, a greater proportion of its area is 
white. The areas of special predilection for white spotting, the so-called 
“points of depigmentation” of I1jrmy (1928) are also common to most 
spotted mice. These consist of the feet and tail, which are white in nearly 
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all spotted forms; the navel or belly spot; the nose-tip and the blaze be- 
tween the eyes, which when confluent form the “white-face” ; paired shoul- 











FicuRE 1.—Variation in amount of white spotting in pied mice (genotype ss---). Successive 
skins differ by about five percent in amount of dorsal white. 


der spots on right and left of mid-line which are often joined to form a 
“collar”; paired lumbar or sacral spots often joined to form a belt. In the 
lighter forms more of these areas are white, and the individual white spots 
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are greater in extent. The rump region and the areas about the eyes, ears 
and cheeks are nearly always colored. When pigment is confined to 
these areas in a regular pattern, the type is known to the fanciers as 
“Dutch-marked” (fig. 1, m-p). This seems to be a general background 
pattern which is common in some degree to most spotted mice, and it ap- 
pears very commonly in other mammals. The fancier recognizes also a 
type known as “broken-marked” (fig. 1, i, j) in which black spots are 
irregularly disposed within the dorsal central white areas of the Dutch 
pattern. In the “even-marked” type of the fanciers these dark spots are 
symmetrically placed on either side of the mid-dorsal line. 

Most of these forms may be obtained from mixed stocks of piebald mice. 
By inbreeding and selection, however, lines breeding true to greater or les- 
ser degrees of white spotting have been produced by CuENot, Little, Dur- 
HAM and especially by fanciers, indicating that some of the quantitative 
variations within the pied type are hereditary. 

Evidence of a similar nature was provided by DuNN (1920) who showed 
also that some quantitative modifiers of white spotting had similar effects 
on pied (s) and on variegated white spotting (W), indicating that some, at 
least, of the multiple genes involved were not specific modifiers of the dif- 
ferent main spotting genes but had rather general non-specific effects. 
Pied strains with practically no white spotting and others with small 
amounts have also been isolated by selection (DUNN 1920 and DuNN and 
DuRHAM 1925). One strain derived by selection from pied stock (ss) bred 
true for ten generations to a small amount of white on toes, tail or belly 
only. Finally, we have isolated by selection strains which are entirely 
white (fig. 1, t) except for the eyes (described as “all-white” later in this 
report) and others with intermediate amounts. There is no doubt that there 
are several genes with quantitative effects on pied spotting and that these 
may be fixed or rendered relatively homozygous by inbreeding. 

Certain of the specific patterns appearing in the pied types are also under 
genetic control as discussed in a later paper. 

Two preliminary problems are raised by the occurrence of these heredi- 
tary variations within the pied forms. (1) Do all the variations in pied 
spotting have a genic basis? (2) If so, what is the phenotypic relation of 
the subsidiary genes to the pied gene (s)? Do they produce their effects 
only when s is present or do they also produce effects sui generis? 

To study these questions it was necessary to obtain pure strains of pied 
mice showing constant differences in spotting, to determine how these 
strains differed genetically, to describe if possible the quantitative effects 
of the genes involved, to isolate specific genes influencing spotting and to 
study the effects of these genes in animals in which the pied spotting gene 
was not present. 
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METHODS OF DESCRIPTION 


A grading scale similar to that previously described (DUNN 1920) was 
used in which the proportion (percent) of white on both dorsal and ventral 
surfaces of each animal was estimated. By reference to a standard diagram 
in which each surface was divided into twenty parts, it was found possible 
to estimate approximately the sizes of the white areas and to assign each 
animal a numerical grade of from o—100 for each surface. This estimation 
was made for each animal at from 3—6 days of age and recorded in the form 
of a fraction, the numerator being the estimated proportion of white on 
the dorsal surface, and the denominator the proportion of white on the 
ventral surface. Thus an animal with no white spotting was o/o; one en- 
tirely white 100/100, and so forth. The estimates were rechecked at about 
one month of age and occasionally later in life. Repeated estimates usually 
agreed and variations of more than 5 percent in the center of the range 
(so percent white) were extremely rare. The accuracy of the estimations 
was also tested by planimeter measurements of the areas of the spots on 
prepared and tanned skins. It was found that the estimates were accurate 
within about +5 percent in the center of the range and were somewhat 
better at the extremes. In practice, animals near the extremes (o—10 and 
go~-100) were graded to the nearest percent; others to the nearest 5 percent 
(compare footnote table 1). Since the dorsal grade is a reliable guide to the 
total amount of spotting, only this grade is used in the discussion and in 
the tabulations which follow. 

In addition to this quantitative description the general pattern type and 
the location of specific white or black areas on the back were recorded for 
each animal. 


THE PRODUCTION OF PURE STRAINS 


At the beginning of the experiment an attempt was made to collect as 
many forms of pied mice as were available. Our own stocks yielded only 
the belted and white-faced types which had been fixed by inbreeding and 
selection (DUNN and DuRHAM 1925). 

These pattern types were extracted from a common parent after being 
crossed together in 1927. The white-face line was later crossed with self 
and re-extracted in its original form after four generations of selection. 
The new inbred lines of belted and white-face have now been carried 
through 20-25 generations of brother-sister matings. Each has bred true 
to its own pattern, with only minor variations. Within the belted type sev- 
eral families differing slightly in average width of the belt diverged during 
the early generations of inbreeding, indicating the segregation of genes 
with minor effects on amount of white spotting. Within each family, even 
after twenty generations of inbreeding, a considerable range of variation 
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in amount of spotting persists (table 1). The darkest family of Line 190 
varies from 5 to 45 percent white dorsally, with modal grade at 15-20; 
the lightest family varies from 10 to 50 percent white, with mode at 35 
percent. The whole range may be encountered within a single litter. Selec- 
tion for greater or less amounts of spotting has failed to modify the range 
appreciably, no animals with more than 50 percent or less than 5 percent 
of white having been found. These results indicate that animals homozy- 
gous for ss and for other genes affecting spotting exhibit a considerable 
degree of non-genetic variation. The genes affecting spotting seem merely 
to set limits within which other developmental factors, not under genetic 
control, cause fluctuations. The “white-face” type shows less variability, 
from about 2-12 percent white within a single family, with the mode at 
5-10 percent of white. 

In 1927, the various pied types maintained by English fanciers were col- 
lected; from them new inbred ‘and selected lines were begun.” The named 
varieties included “Dutch-marked,” “broken-marked” and “even-marked” ; 
typical exhibition specimens of each were purchased. In addition a random 
assortment of pied mice was obtained from the same fanciers. These in- 
cluded nearly the whole range of pied variations in both amount and pat- 
tern of spotting. 

Attempts were first made to fix the spotting patterns, Dutch, even and 
broken, which are defined by location of black areas. This was unsuccessful 
in all three cases. These experiments are to be discussed in a later paper. 
Evidently the location of black areas in these patterns is not under genetic 
control but is the result of an occasional fortuitous combination of devel- 
opmental influences acting in animals with ss and other spotting genes. 

In the course of these experiments it was noticed that while specific 
patterns involving regular locations of black areas did not become fixed 
under inbreeding, certain limits in the total amount of white spotting did, 
in certain lines, tend to become relatively fixed (table 1), and attention 
was then turned to producing inbred lines breeding true to a given degree 
of white spotting. Of first importance in this respect was the production 
of a stock breeding true to the maximum degree of white spotting, since 
this might be expected to contain the maximum number of genes tending 
to increase the extent of spotting. In one line (Dutch) such a selection made 
rapid progress, as shown in figure 2. The original range of the animals of 
this line was from about 65-85 percent of dorsal white. After three genera- 
tions of selection several animals with no black spots at all appeared. 
This new form was called “all-white” to distinguish it from the genetically 


2 We are grateful to Professor F. A. E. Crew, Dr. J. N. Pickard, and Mr. Stewart Russell of the 
Department of Animal Genetics, University of Edinburgh for their help in obtaining material 
and for their kindness to one of us (L. C. D.) while a guest in their laboratory. 
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different “black-eyed-white” type. After the third generation only such 
all-white males were used for breeding and after the fifth only all-white 
of both sexes. From this time the strain bred true to an average of about 
99 percent white. The majority were all-white, but a few with small black 
spots on rump, ear, or cheek have continued to appear. The eyes in all 
cases retain full dark pigmentation. The disappearance of dorsal black 
spots in response to selection appeared to follow a regular course described 
below (Part IV). 

Two all-white families derived from a single mating in the fifth genera- 
tion have been bred through the 23rd generation by brother-sister matings 
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FIGURE 2.—The effect of selection for increased white spotting on a line of pied mice. The 
numbers of individuals on which the average spotting for each generation is based are given in 
the circles. 


and have remained constant. The distribution of the spotting phenotypes 
in these lines is shown in table 1. The variation remaining in the stock is 
probably non-genetic since animals with a small black spot give about the 
same proportion of all-white young as those with no black at all. Reverse 
selections toward increased amount of pigment have been ineffective. 
Inbreeding and selection experiments were carried on with other pattern 
types which appeared in the early generations of the all-white selection 
experiment. Thus a type with a black spot on the rump only was inbred 
with selection for this type for ten generations. It fluctuated in grade of 
spotting from 70-100 percent white with mode at 85 percent but continu- 
ally produced all-white, Dutch and half-Dutch spotted. Either the type 
selected was heterozygous or else the black rump condition was non-genet- 
ic. No pure line of this type was obtained. 
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Pure lines of other spotted and self-colored animals were produced by 
inbreeding. The spotting ranges of those used in subsequent experiments 
are shown in table 1. This table illustrates two facts of importance in inter- 
preting the experiments which follow: (1) there is a clear differentiation in 
range and average amounts of spotting among the inbred strains shown; 
(2) there is much variation, which persists from generation to generation 
within each strain and this is especially great wherever the average is near 
the middle of the range. Light-spotted lines, such as all-white, and dark 
spotted lines, such as 66 and 118, show less variability. The factors respon- 
sible for this variability, whether genetic or non-genetic, appear not to have 


TABLE 2 


Inheritance of quantitative differences in pied spotting. 
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equal measurable effects on all parts of the range, but to have lesser values 
in terms of area at the extremes than at the center of the range (cf. WRIGHT 
1920 and discussion p. 40). It is thus probable that the unit of measure- 
ment (percent of white) does not have the same significance throughout the 
spotting range. 

When the all-white type had become fixed (7th—1oth generation) it was 
crossed with dark-spotted and medium-spotted lines and with several self- 
colored strains. 


CROSSES OF ALL-WHITE BY DARKER PIED 


The crosses with white-face, belted and broken pied lines were to test 
the inheritance of differences in amount of spotting; and specifically to 
discover whether the genic differences involved were substitutions in sev- 
eral loci or multiple allelic substitutions at one locus. 

The results of these experiments are shown in table 2. In the upper part 
of the table are shown the frequency distributions of mice of a dark pied 
stock, of all-white stock and of hybrid generations from this cross. The 
dark line (118) had been derived from the white-face pied line described by 
Dunn and DurHAM (1925). The figures given are for the seven generations 
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of brother-sister matings immediately preceding the cross. The F; from 
this cross consisted of broken, Dutch, and belted mice, all with some white 
on the face. In amount of spotting the average was intermediate between 
the two parent types, but there was a great deal of variation, from 20 to 
nearly 80 percent of white. Other considerations indicate that much of this 
variation is not hereditary. F,; animals from the center of the distribution 
were bred together to produce an F,. The range and variability in amount 
of white spotting was greater in this generation than in the F;, but the 
extreme parental types were not recovered. A few animals as dark as the 
white-face form were obtained but none had the white-face form of spot- 
ting; they were belted or had both belt and blaze spotting. A few very 
light animals were also obtained but no all-whites. A backcross of F; by 
all-white produced broken, Dutch and all-white types varying from 65 
to 100 percent white. 

The interpretation appears to be clear. White-face and all-white both 
contain one spotting gene (s) in common and differ by several spotting 
genes which act cumulatively and recombine in crosses. It appears certain 
that white-face and all-white do not differ only by alleles of one spotting 
locus since if they did, the parental and hybrid forms should have appeared 
in F; in a tri-modal distribution. Because of a considerable degree of non- 
genetic variation, especially in the center of the range, it is impossible to 
determine exactly the number of additional spotting genes concerned. 
The best estimate is from the backcross generation in which about 16 out 
of the 124 animals reproduced the range of the all-white type.* This gives 
a ratio of about } all-white, corresponding to a difference of at least three 
major genes between the lines crossed. Comparison of the variance of F; 
and F, would lead to an estimate of about ten gene differences. 

The essential point at present, however, is not the number of factors 
involved, which the coarseness of the grading scale and the non-hereditary 
variation make it impossible to determine, but the fact of recombination 
of a limited number of spotting genes, as shown by the frequent recovery 
of the all-white parent type. 

In the lower part of table 2 are shown the results of crossing all-white 
with an inbred belted line (190a). The figures given for line 190a (light) 
are for the eight inbred generations (Fio_17) preceding the cross. The small 
F,; consisted of broken spotted mice intermediate in amount of spotting 
between the parent types. The F; was also intermediate but more variable 
and again the extreme parental types were not recovered. Seven out of 
125 or 5.6 percent of the F, animals fell within the range of the all-white 


3 Assuming that all-white normally consists of about 78 percent all-white, 17 percent which 
are 95-99 percent white and 5 percent below 95 percent white (the distribution of the Fy_s all- 
white parents). 
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type as compared with seven out of 258 or 2.7 percent of the F;’s from the 
white-face cross. There may be fewer gene differences between belted and 
all-white than between white-face and all-white. There was no evidence 
of the clustering of frequencies about the grades of the parent types which 
should occur if belt and all-white represent allelic conditions of one spot- 
ting locus. It is concluded that belt and all-white contain one spotting 
gene in common (ss) and differ by several independent genes with quanti- 
tative effects on spotting. 

All-white crossed with a darker belted line (L228) produced results simi- 
lar to those above, but they add nothing of analytical interest. From the 
latter cross the dark belt was re-extracted by selection and inbreeding and 
after five generations of selection bred true to belt within the range of 
variation of the original belted line (L66 table 1). From the last two crosses 
to belt, all-white lines were also re-extracted by selections from F;. These 
have bred true to the same range of variation as the all-white parent stock. 

The results indicated that these differences among the all-white, belt 
and white-face lines in amount of pied spotting are due to substitutions at 
several loci other than that of the known gene s. They do not support the 
interpretation of CuENotT who first recognized and studied variations in 
spotting and assumed them to be due to different conditions of the pied 
gene itself, either alleles or varying from it in “strength.” His latest state- 
ment (1928, p. 207) is that “la panachure est conditionée par des facteurs 
de |’éxtension, multiples et allelomorphiques, dont |’effet chez l’individu 
s’additionne algebraiquement.” The context shows however that he as- 
sumes more than two such “alleles” present in the same individual, and 
his formulation can only be applied if one assumes that his spotting genes 
s!, s*, s’, and so forth are independent multiple genes, in which case their 
relationships to the pied gene are not clear. The results do agree with the 
interpretation of LirrLEe (1917b) who ascribed the variations in spotting 
to multiple modifying genes, and with the eventual interpretation of 
CASTLE’s experiments on the hooded spotting of rats (CASTLE and Pincus, 
1928). Whether the genes causing these variations are “modifiers” in the 
usual sense will be discussed in the next section. 


ANALYSIS OF THE “MODIFYING” GENES 


From the above experiments it was reasonable to assume that we had 
collected in the all-white stock several such “modifiers” which, when com- 
bined with ss, caused the whole coat to be white. We now proceeded to an 
analysis of these “modifiers.” The experiments were designed to separate 
the modifiers from s and to accumulate them in pure stocks from which s 
had been excluded and to answer the question, “Do the pied ‘modifiers’ 
produce spotting in the absence of s?” It was thus necessary to cross all- 











MOUSE SPOTTING PATTERNS 27 


white by a given self-colored race; to backcross the F; animals (which 
should be heterozygous for s and probably for all “modifiers” as well) to 
all-white; to select the Ss offspring with the most white spotting and to 
backcross these to all-white; and to repeat this method of backcrossing 
to all-white until no further increase in the amount of spotting of the Ss 
animals was observable. The maximum number of effective “modifiers” 
should then have been obtained in homozygous condition in the Ss ani- 
mals and these, when bred together, should give SS animals exhibiting the 
effect of the “modifiers” only. Ss animals from the earlier backcross genera- 
tions should be heterozygous for some of the “modifiers” and homozy- 
gous for others, and by inbreeding these we hoped to obtain SS stocks with 
different “modifiers.” 

Three experiments of this type were carried out. The self races used were 
a long inbred stock of dilute browns (Little); a stock of blacks obtained 
from an English fancier and inbred in our laboratory for seven generations; 
and a stock of black-and-tans inbred for ten generations. None of these 
races had shown any white spotting. Only such tested races can be regarded 
as self-colored, since most stocks of mice show traces of spotting on toes 
or tail tips and thus may contain minor spotting genes. 

The results of reciprocal crosses to the several self types and of back- 
crossing the hybrids to all-white for five to six generations were essentially 
similar and are combined in table 3. The first generation was self or nearly 
so. Actually 15 animals had no white whatever; 31 had a small white spot 
on the belly, covering not over 15 percent of its surface; two had somewhat 
larger belly spots, while three had, in addition, a small white blaze be- 
tween the eyes. The self alleles of s and the “modifiers” are apparently 
nearly completely dominant when all are heterozygous. The backcross of 
F, to all-white produced two groups of progeny in about equal numbers. 
One group was self or dark spotted, varying from o to 4o percent dorsal 
white and included only three animals with no white spotting at all (self). 
The other group had more white spotting, varying from 55. percent to all- 
white. The two groups were clearly separated by two zero classes. The dark 
group proved to be Ss and the light ss. It was thus immediately evident 
that the “modifiers” from all-white when homozygous produce a consider- 
able amount of white spotting in the presence of one self or wild type allele 
of s, and thus are not specific modifiers in the sense of BRIDGES (1919). 
The chief difference between the Ss animals of the first backcross and the 
Ss animals of the F, is that the former contain some “modifiers” in homo- 
zygous condition while in the latter all are heterozygous and produce little 
or no spotting. Ss animals of the BC, generation, from above the mean 
of the distribution, were again backcrossed to all-white. The BC; so pro- 
duced again consisted of two groups of spotted mice, but the extent of 
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white spotting in each group was much increased over BC;. The darker 
(Ss) group contained no self-colored animals at all, and some were nearly 
half white. Of the lighter (ss) group nearly half were 1oo percent white 
and only one was as dark as 70 percent white. The lighter Ss animals were 
again backcrossed to all-white and in BC; the extent of white spotting 
again increased although by a lesser amount than between BC, and BCs. 
In BC, there was a slight increase in amount of spotting but no increase 
in BC;. After five backcrosses the fertility and fecundity of the backcross 
animals had fallen so low, probably as a result of introduction of most 
of the genes of the poorly fertile all-white line, that it was impossible to 
carry the experiment further. The results show, however, that the chief 
object had been attained by the fourth backcross, that is, the backcross 
animals showed no further increase in the amount of white spotting, indi- 
cating that all or most of the effective genes had been introduced from the 
all-white race. 

As a further test, the lightest Ss animals (45-60 percent white) from 
BC;, BC,, and BC; were inbred and their lightest Ss progeny again 
selected. Two generations of such selection produced no increase in the 
average grade of spotting over that obtained in BC,. Similarly nine of the 
lightest animals (45-60) from these generations were again backcrossed to 
all-white but no increase in amount of white spotting over that of BC, 
was obtained. 

The interpretation of these results is apparent when one compares the 
results obtained with those expected from the random assortment of genes 
with quantitative effects on white spotting in the system of matings used. 
To facilitate this comparison the results of the backcrossing experiment are 
shown graphically in figure 3, in which the average percents of white spot- 
ting for the individuals of the F;-BC; generations are plotted. The Ss 
and ss groups are shown separately. The average amount of spotting in 
the Ss animals rises from zero in F; and reaches a maximum of just under 
40 percent in BC,. It appears to approach 4o as an asymptote. There is a 
similar rise in the grades of extreme individuals in each generation, but 
very little alteration of the range. The persistence of a constant degree of 
variation comes about presumably through a fortuitous balance between 
the diminishing effects of segregation and the maintenance of non-genetic 
variation which is greater when spotting phenotypes are nearer the middle 
of the range. The averages of the ss group rise similarly from BC, (when 
this class first appears through segregation) and approach 100 percent 
white, the all-white type. 

These curves show a general resemblance to those describing the ap- 
proach toward homozygosis, after an outcross, brought about by repeated 
backcrossing without selection, to a homozygous parent type. Under such 
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a system the proportion of individuals heterozygous in any one particular 
locus is halved in each generation and thus the proportion of individuals 
homozygous in all of the loci which differentiate the strains approaches 
100 as an asymptote, at a rate which depends on the number of such loci. 
In the present case over 80 percent of the individuals are expected to be 
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FIGURE 3.—Changes in the average percent of white spotting in continued backcrossing of 
Ss animals (from cross of all-white by self) to the all-white parent type. 
ss progeny (unselected) 
- Ss progeny (unselected) 
— ss progeny (from dark selected parents) 
a-------------- Ss progeny (from dark selected parents) 
Cross hatching shows the range of extreme variates. 





homozygous after the fifth backcross if the number of loci is seven or less, 
or over go percent if the number of loci is three or less. 

The general similarity of the approach toward limiting values of white 
spotting and of the theoretical results expected from random backcrossing 
is sufficient to indicate the general mechanism responsible for the results. 
The theoretical expectancies, however, are based on random matings 
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while in our experiment the lighter individuals in each litter were selected 
for backcrossing. There is evidence that the selection practised has not 
had any considerable effect. In a special experiment the darkest (least 
spotted) animals were selected for backcrossing. Only animals less than 
7 percent white were bred in any generation. The results are shown in table 
3 and the averages are plotted in figure 3. Stringent selection against 
increase of white spotting did not alter materially the tendency shown in 
the light selection experiment for the percent of white spotting to increase 
in each backcross generation up to the fourth, although the spotting aver- 
ages in the dark series are somewhat below those of the light series. This 
indicates that the increase in amount of spotting in these experiments is 
due chiefly to the increasing homozygosis in the backcross animals of the 
genes of the all-white race. 

The relative ineffectiveness of selection is probably due to the presence 
of a good deal of non-genetic variation in white spotting and to the pres- 
ence of several modifying genes. The Ss animals of the BC; generation 
for example vary from 20 to 60 percent white, although over go percent of 
them should be homozygous for the mutant genes of the all-white type 
(exclusive of the Ss pair) if there are as few as three and over 80 percent 
if there are as many as seven. The persistence of the wide range of varia- 
tion throughout the five generations of backcrossing to a homozygous type 
(figure 3) finds here its explanation. The lightest animals of the last two 
backcross generations produced progeny with this same wide range of 
variation. Finally the absence of any sensible parent-offspring correlations 
between generations after BC, shows that selection cannot have played a 
very important part. The results to be expected from random matings 
would therefore resemble fairly closely the actual results shown in table 3 
and figure 3, although the averages in each generation might be slightly 
below those of the light selection experiment and above those of the dark 
selection experiment. 

Although the main object of these experiments was to obtain a given 
end result rather thin to study the process by which it was obtained, it 
is worth while to draw attention to several inferences from the results. 
The distribution of the Ss progeny in the first backcross has a single 
mode at 5 percent white. This makes it probable that no one gene in addi- 
tion to s has a major effect on spotting, since such a gene, segregating in 
this generation, should produce bimodality, of which there is no clear 
indication. This conclusion is confirmed by breeding tests of the darkest 
BC, animals which should carry the wild type allele of such a gene and 
again segregate for it. This is shown not to occur (compare BC; generation 
in dark selection experiments). Distributions describing the Ss progeny in 
subsequent backcrosses are also monomodal and indicate variations of 
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the continuous type, probably due to minor effects of several genes com- 
bined with non-genetic variation. The distributions of the ss group gradu- 
ally approach that characteristic of the all-white type and become identi- 
cal with it in the BC;. From the proportion of the all-white type in the 
BC, distribution it is possible to estimate that at least three genes with 
major effects in addition to s are required to produce the all-white pheno- 
type. About 13 percent of the ss group in BC, reproduce the phenotypic 
distribution of the isogenic animals in all-white strains. This corresponds 
closely to the 12.5 percent of individuals expected to have no wild type 
alleles in BC, if three major genes are segregating independently of s. 
The proportion of the all-white type in the ss group in BC; is 55 percent, 
which is somewhat above the expectation for three genes, but even a slight 
effect of selection would influence these proportions to such an extent as 
to make comparisons unsafe beyond BC, (when no selection could be prac- 
ticed). In addition, other spotting genes with very small effects are prob- 
ably present, but the number cannot be well estimated from the present 
data. 

Considering now the end result of the backcrosses to the all-white type, 
it is apparent, from the failure of further backcrossing or of selection to 
increase the amount of spotting in the Ss type, that nearly all of the effec- 
tive spotting “modifiers” from all-white had been collected in this type. 
The pied gene s was then eliminated by crossing together the Ss animals 
of the BC,-BC; generation and by inbreeding those of genotype SS. The 
cross should produce a population consisting of } SS: Ss:} ss. The actual 
results are shown in table 4, line 4. Only two clearly distinguishable types 
of offspring were obtained: all-white ss, and dark spotted animals similar 
in appearance to the Ss parent type. No solid colored young were found. 
It was thus apparent that the SS group was contained within the dark 
spotted phenotype, and since they were white spotted the “modifiers” 
were proved to produce spotting in the absence of the pied gene s. They are 
thus not specific modifiers but spotting genes in their own right. 

In order to distinguish SS and Ss animals, a large sample of the progeny 
of the SsXSs cross (referred to in our records as BCF, generation) was 
tested by individual matings with all-white (ss) animals. Those which 
gave only one type of spotted offspring and no all-whites were classified 
as SS; those which gave two types (dark spotted Ss and all-whites ss) 
were classified as Ss. One all-white offspring was sufficient to indicate the 
parent’s genotype as Ss. The production of ten or more Ss offspring only 
was assumed to indicate the parent’s genotype as SS, since such a result 
from an Ss parent has a probability of only 1/1024. This proved to be a 
safe working criterion. 

The results of these tests are shown in table 4. Ss animals from BC, 
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BC;, and BC; gave similar results when bred together. They produced 
progenies of which about } were of the all-white type while about } were 
dark spotted (line 4). Of the dark spotted type 72 were tested by matings 
to all-white. Eighteen proved to be SS and 54 proved to be Ss. The former 
type (table 4, line 5) included animals with from 10 to 35 percent of white; 
the latter type (line 6) varied from 15 to 60 percent white. Although the 
average grade of SS (18.9) is clearly darker than that of Ss (32.3) the dis- 
tributions overlap. The average grades differ by about 13 percent which 
might be taken as an estimate of the effect of a second S gene when it is 
substituted for s in this Ss type. The samples of SS and Ss animals on 
which this is based however are probably not random since the number of 
SS tested is small, and since the average of Ss is somewhat below the 37 
percent average characteristic of this type as established in BC;. It is 
clear nevertheless that with approximately the same genetic backgrounds, 
that is, with several other spotting genes in homozygous condition, ss pro- 
duces about 100 percent white; Ss about 35 percent white and SS about 
20 percent. The spotting of the last phenotype is due entirely to the action 
of other spotting genes obtained from the all-white type. For convenience 
we have called this type “K,” although it will be shown that it contains a 
complex of several spotting genes. From the comparison of the geno- 
types above it can be seen that ss with the “K” complex gives all-white; 
substitution of one S gene reduces the amount of spotting by 65 percent; 
substitution of a second S gene entails an additional reduction of spotting 
of only about 15, from 35 percent to 20 percent white. From this relation- 
ship can be obtained a measure of the relative dominance of S when com- 
bined with the “K” complex. In the absence of the “k” genes, S is practi- 
cally completely dominant to s, that is both SS and Ss are solid-colored; 
in the presence of the “k” genes S is incompletely dominant, the pheno- 
type of Ss being shifted to about a fifth (actually 15/80) of the distance 
between SS and ss. If complete dominance of S be called 1, then the rela- 
tive dominance of S in the presence of the “k” genes is about .8o. 


ANALYSIS OF THE NEW SPOTTING GENES (“K” COMPLEX) 


The experiments up to this point have demonstrated that the pied mice 
with which our experiments began contained several spotting genes 
in addition to the heretofore known gene s; that combination of a number 
of these other genes with s produces the all-white condition in which pig- 
ment appears in the eyes or in very small amounts on the head or rump; 
that these genes are not alleles of s but are inherited independently of s; 
that they are not specific modifiers of s since they produce their typical 
effect (white-spotting) when s is eliminated from the genotype, and finally 
that they materially change the dominance relations of S and s. It remains 











MOUSE SPOTTING PATTERNS 35 


now to study the inheritance and expression of these newly isolated spot- 
ting genes. 

From the “K” spotted type originating as described above, inbred lines 
have been established which have bred true to the new condition within 
certain limits of variation for five generations. The F, generation (table 4, 
line 5) consists of those animals from BCF, which were tested and found 
to be SS. The lighter of these (15 percent white and over) were bred to 
produce an F, and similar selection was practiced in subsequent genera- 
tions. In spite of such selection, the limits of variation have remained about 
the same (from 3 to 35 percent of dorsal white) for five generations, indi- 
cating a relatively homozygous genotype. The persistence of variation in 
F; shows that it is probably largely non-genetic. The spotting of this type 
is always in the mid-dorsal region, usually as a typical white belt extending 
around the body. The belly is usually spotted to about the same extent 
as the back instead of being more spotted as in other pied types. In general 
appearance, however, this type is not to be distinguished from belted 
pied. 

The hereditary basis of the new type has been tested by crossing it with 
the same homozygous self races (dilute brown and black-and-tan) which 
were used in the all-white crosses (table 5). The F, animals from these 
crosses (line 1) are self, or nearly so, never having more than a very small 
white spot (5 percent or less) on the belly, showing that the wild type 
alleles of the spotting genes are nearly completely dominant. In an F, of 
193 animals, only 32, or about 16 percent, showed any dorsal spotting, and 
none of these reproduced the extreme spotting grade of the “K” grand- 
parents (table 5, line 2). Most of the F; spotted animals had only a small 
white spot on the back, covering less than 5 percent of the surface. The 
average grade of the F, spotted was about 5 percent compared with an 
average grade of about 15 percent for the “K” parent type. Of the 161 
animals that showed no dorsal spotting, 60 were noted as having ventral 
spotting and the spots were sometimes as large as those occurring on “K” 
type animals. The remainder were either solid colored or were killed or 
died before the ventral spotting was established. There appeared to be, 
however, continuous variation from solid colored to about 15 percent 
white, making an exact analysis difficult and uncertain. Fi was back- 
crossed also to the “K” parent type (table 5, line 3). Out of 167 progeny 
68 were like the F, type (self or small ventral spot) and 99 showed some 
dorsal spotting. The significant departure from a 1:1 ratio shows clearly 
that more than one spotting gene is concerned. If these BC animals show- 
ing a ventral spot are classified as “spotted” the total of these is 128 or 
76.6 per cent of the total. Such a ratio should be obtained if two major 
genes, either one or both of which, when homozygous, lead to white spot- 
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ting, differentiate “K” from self. Here again there was intergrading varia- 
tion and while the general situation is clear, that is that a small number 
of spotting genes differentiate “K” from the wild type, the exact number 
and effect of each cannot be established with certainty from the present 
evidence. 

The new type “K” has been shown to be indistinguishable somatically 
from the belted pied type. It is interesting to observe the results of crossing 
the two similar types. In table 5, line 4, the range of “K” for the fourth 
inbred generation is shown compared with the range of the 19th inbred 
generation of the belted line 190 (line 5) from which animals to be crossed 
with “K” were taken. “K” is somewhat less spotted on the average, but 
the distributions of the two lines coincide over most of the range. The F; 
(table 5, line 6) is clearly much darker than either parent. Reversion has 
occurred toward the wild type condition, indicating that each race con- 
tains at least some of the wild type alleles of the spotting genes of the 
other race and that the loci involved show partial dominance. F; animals 
were backcrossed to each parent type. The backcross to “K” (table 5, line 
7) produced 100 offspring showing a continuous variation in spotting from 
self to 35 percent white; this represents an extension of the range of the 
“K” type at the self end, indicating segregation of wild type alleles from 
190. The distribution shows evidence, more clearly marked in the off- 
spring of a number of individual pairs, of modes at 5 and at 30 percent 
white. The median falls in the 6-10 percent class, but there is no low or 
zero frequency here and consequently no clear evidence of simple segrega- 
tion of even one gene. It is likely, however, that the lower group is largely 
SS and the upper mainly Ss. 

The F,; animals were also backcrossed to line 190 (table 5, line 8). Here 
two groups of spotted animals are clearly evident; a dark group of 108 in- 
dividuals varying from o to 15 percent white with one mode at 1-5 per- 
cent; and a lighter group of 113 individuals varying from 35-75 percent 
white, with no clear mode, but with highest frequencies between 50 and 65. 
This represents segregation of S and s, the darker group being Ss, the 
lighter ss. Members of the lighter group when bred inter se produced only 
light spotted animals showing them to be homozygous ss. It is clear that 
the darker group shows less spotting than the “K” parent type, proving 
that wild type (self) alleles of the “k” genes have been introduced from 
the pied (190) parent. This group is darker also than the F, type, although 
like F, it is Ss; it contains a few entirely unspotted animals and many with 
spotting only on the belly. Such animals do not occur in either “K” or 190 
parent types and must be due to recombination of wild type alleles of the 
secondary spotting loci from 190, with S from the “K” line. 

Similarly the light ss group has much more white spotting than the 190 
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parent type and over 60 per cent of this group exceeds the upper range of 
the 190 type. This is undoubtedly due to recombinations of ss from 190 
with other spotting genes from the “K” parent. Some or all of these genes, 
when combined with ss, must influence spotting even when heterozygous, 
since the 190 parent must be assumed to be pure for the wild type alleles 
of at least some of these genes. 

Accordingly, the lightest animals from BC F,(K/190)X190 (table 5, 
line 8) should have in addition to ss the maximum number of other spotting 
genes (most of them in heterozygous condition) and when inbred should 
produce some animals homozygous for all spotting alleles involved in the 
parent race. Such BC animals from the spotting classes 60-75 have been 
bred together with the results shown in line g. The 107 offspring ranged 
from 25 to 95 per cent white, with one mode at 60. They obviously had 
more white spotting than the population from which they were chosen. 
Two out of the 107 offspring fell within the range of all-white. This re- 
synthesis of the all-white type from the cross of two dark spotted lines 
shows that the latter contain different spotting genes, the effects of which 
cumulate when combined in the homozygous state. The number of gene 
differences involved is difficult to estimate, but it is probable that at least 
three with major effects are concerned as well as others with minor effects. 
The arrangement of these in the parent types must follow some such 
scheme as follows: Belt 190, ss(AABBcc --- nn); “K” race, SS(aabbcc 

-- mn); F,, Ss(AaBbCc - - - nn); all-white, ss(aabbcc - - - nn). 

The data from the backcross of F;(190/K)X“K” (table 5, line 7) are 
not well adapted for testing this hypothesis because of the continuous na- 
ture of the variation and the impossibility of separating genetic from non- 
genetic variations wherever such a condition obtains. However, the gen- 
eral character of the distribution and the limits of variation correspond to 
the predictions imposed by the above scheme. Thus about ? of the progeny 
from this backcross should be as dark as “K” or darker (3 SS—, + SsAa, 
etc.) and animals with more spotting than “K” should arise where Ss 
is combined with the other important spotting genes (a, b) in homozygous 
form, since in other combinations Ss gives self or very little spotting as in 
BC F,(190/K) X 190, and in F; all X self. Such recombinations are limited 
to 1/8 of the progeny of this backcross (Ssaabbcc) and probably fall 
within the upper parts of the “K” range. Consequently the backcross to 
“K” should give only “K” types and a proportion of very dark spotted 
forms increased over the F, (KX190) proportion by the segregation of 
wild type spotting alleles from 190 and this is the result obtained. 

The conclusion seems clearly established that the new spotted form “K” 
differs genetically from the belted pied form which it closely resembles 
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phenotypically in a number of genes which affect spotting. One of these, 
(s) has a considerable effect when in combination with the others; at least 
three others have lesser effects, and there may well be others with very 
minor effects. An estimate of the effect of S can be obtained by compar- 
ing the differences in spotting between the Ss and ss animals from the 
backcross of F:(190/K)X 190 (table 5, line 8). The other genes are prob- 
ably distributed at random between these two groups and except for com- 
mon genes such as ¢ - - - n, at least one wild type allele of each is present 
in each individual. The Ss group has about 2.5 percent of dorsal white; the 
ss group has an average of about 56.5 percent white. The difference at- 
tributable to s is thus about 54 percent. This is to be compared with our 
estimate of 65 percent for the effect of S from the data on backcrosses of 
Ss (from self) to all-white (page 34). The two estimates are roughly simi- 
lar; the difference may be due to the presence of wild type alleles of two of 
the genes in the backcross to line 190, which probably reduces the effec- 
tiveness of s. No good estimate of the effects of the other spotting genes 
can be obtained from the above data. It should be remarked, however, 
that the difference between the grade of ss (56.5 percent) from the back- 
cross to line 190 and the grade of ss when the other spotting genes are 
homozygous as in all-white (grade 100) is about 43.5 percent, which is 
attributable to the combined effects of all the other spotting genes. 

A few crosses of “K” spotted with a white-faced pied line having an 
average spotting of from 5-10 percent have produced only self-colored 
animals; this is a reversion to wild type similar in kind to that which oc- 
curred in crosses of “K” by belted pied, but more complete. Apparently 
white-face, although known to contain ss, has the dominant alleles of all 
other major spotting genes of the “K” type. The white-faced line may then 
be represented as ss(AABBCC - - - nn?). If this is so, then the white- 
faced and belted pied lines should differ by only a single major spotting 
gene. The evidence on this point is still incomplete but the indications 
point to the correctness of the above assumptions. Thus belted pied (line 
190) by white-face has produced to date 18 animals varying only from 
I-10 percent of dorsal spotting, that is all are within the range of the 
white-faced line and none within the range of the belted line. The F, 
consists of 10 animals in the 1-10 percent group and 4 with 25-30 percent 
spotting, and no intermediates. A single gene difference is sufficient to ex- 
plain the present evidence. Moreover, white-faced pied crossed with an- 
other dark pied line (line 66) has produced in F, only dark pied (1—10 per- 
cent) white, and a similar range in F: and in backcrosses to line 66. These 
two lines then appear to have the same genes influencing the amount of 
spotting and to differ from the wild type only by the pied gene s. 
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DISCUSSION 

The set of mutant genes additional to the previously known s now found 
to be concerned with the production of spotting in fanciers’ races of pied 
house mice suggests a phenomenon which may well be more common at 
least in the inheritance of quantitative characters than has so far been 
realized. That is the fundamental identity of dominance modification and 
“gene interaction.” 

It has been seen that s is not, as commonly thought, the “main” mutant 
gene for pied spotting, with other genes as modifiers merely altering the 
amount. Instead, the “K” complex of at least three mutant genes has been 
shown to have effects sui generis and these are found to be qualitatively 
identical with those of s (that is, tending to suppress pigment develop- 
ment in some part of the skin). Among the alleles of these four or more 
loci many combinations are possible of which few have yet been clearly 
identified phenotypically. But even among these few a comparison may 
show the relations typical of “gene interaction” or of dominance modifi- 
cation, depending on which set of genotypes is compared phenotypically. 
The former is seen in the demonstration that s with one or more genes of 
the “K” complex produces about 25 percent of spotting (L1go); the whole 
“K” group without s produces slightly less spotting in the same general area 
of the body; but s and the “K” genes in homozygous combination suppress 
pigment in all parts of the skin, though not the eye, producing the “all- 
white” phenotype with dark eyes. Dominance modification is shown by 
the previously discussed shift of the Ss phenotype from practical identity 
with the SS phenotype in the absence of the “K” complex to about a 
fifth of the interval from SS to ss in the presence of the “K” group of 
mutants. 

This double aspect of the data finds a possible basis in the dependence 
of the quantitative phenotypic effect of any single gene upon the total 
reaction set by the remaining genes of the spotting group in the fashion 
assumed by Sinnott (1935) for squash shape and by Wricut and CHASE 
(1936) for guinea pig spotting. The latter presumably comes closer to the 
present case. WRIGHT and CHASE assume essentially (in their “inverse 
probability transformation” of percent of white spotting) that successive 
substitutions of equal spotting genes produce at first small alterations in 
amount of white, then larger changes and finally again decreasing change 
as the amount of white approaches roo percent, alleles and non-alleles be- 
having indistinguishably. If then we compare the effects of substituting 
one and two recessives of the same locus, in the presence of different num- 
bers of recessives at other loci, the wild type gene might be nearly domi- 
nant at one end of the range of spotting variation and nearly recessive 
at the other (light) end, with an approach to intermediacy where the other 
genes determine a level of white near 50 percent. Thus in WricuHT and 
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CHASE’S scheme gene interaction and dominance modification are only 
different aspects of a more general relation of phenotype to genotype. 

That a relation of this sort is involved in the case of mouse spotting 
seems fairly plausible from its consistency with what has so far been found. 
A direct experimental test of the scheme is obviously desirable. Although 
not yet possible in the guinea pig, it may be so in the house mouse, where 
the number of loci involved is reasonably small and where the several 
mutants are not equal in effect, s probably exceeding the others. 

The evidence shows also that the variations in spotting of the pied 
types are not due to reverse somatic mutations of s to S since they occur 
after s has been eliminated. By extension the same reasoning militates 
against the assumption of somatic mutation as a prime cause of spotting 
variations in this material. 

The test of the complex relationships of these spotting genes in com- 
bination can be made only from more extensive evidence from crosses 
between strains differing only in single spotting loci. Such strains are being 
prepared by resolving the “K” complex into its components. 


SUMMARY 


Quantitative variation in the pied patterns of house mice (consisting of 
blotches of colored and white fur) extends over the whole range from a 
few white hairs to an entirely white coat. 

Stocks breeding true to limited ranges of spotting variation (dark, 
medium and all-white races) and to certain localized patterns (white-face 
and belt) have been isolated by inbreeding. 

By crossing these together and with self-colored (unspotted) races, it 
has been shown that all of the original spotted forms dealt with contain a 
spotting gene s. Forms with much white spotting (all-white) contain in 
addition at least three other spotting genes with quantitative effects 
which are inherited independently of s. Races showing different degrees of 
white spotting differ in the number of spotting genes which they contain. 

These additional genes are not specific modifiers of s, since they produce 
spotting when s is absent. The effects of s and of the other spotting genes 
depend in part upon the combinations in which they appear. Thus, when 
other spotting genes are substituted for their type alleles, the relative 
dominance of S is shifted from 1 to .80. The effects of the spotting genes 
cumulate but not in a simple manner. They appear to cause greater quan- 
titative changes in spotting when acting in phenotypes near the center of 
the spotting range than at either extreme. 

In addition to variations due to gene mutations, a considerable degree 
of non-genetic variability is characteristic of all the homozygous spotted 
strains. The basis for this has not yet been analyzed. 

Somatic mutation is probably not a prime cause of spotting variations. 
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INTRODUCTION 


HE varieties of mice known to fanciers as “variegated” are char- 

acterized by very finely dispersed spotting patterns consisting of 
small clumps of colored and white hairs (fig. 1). The amount of white 
spotting and the areas and distribution of the patches vary considerably 
in variegated individuals and strains. In the darkest types there are small 
white spots on the forehead, neck and center of the back within which are 
very small patches of colored hairs. In the lightest types only the dark 
cheek and rump patches of the fundamental spotting pattern remain, the 
rest of the pelt being white with occasional small patches of colored hairs. 
The dark areas themselves often consist of colored and white hairs inti- 
mately mixed as in the roan patterns of other mammals. As in other 
spotted types the belly is generally more spotted than the back, that is, 
a larger proportion of its area is white. We have noticed only one excep- 
tional case of variegation on the belly; usually black and white areas 
are discrete. 

Mice with such broken and irregular patterns resembling variegated 
have appeared in several sets of experiments in which the gene W (black- 
eyed-white spotting) was present. Thus when black-eyed-whites (Wwss) 
were crossed with self-colored forms (wwSS), L1tTLE (1915) observed that 
the WwSs progeny had irregular colored white patches, with the pattern 
broken into smaller areas than in pied forms (wwss). This was similar 
to the coarse variegation which has appeared occasionally in our stock. 
Similar results were obtained by DuNN (1920). So and Imar (1920) de- 
scribed various combinations of W and s and their alleles. A spotted type 
known to the Japanese as “Kasuri,” with fine silvered markings like 
variegated bred like WwSs. Matings of Kasuri (WwSs) by pied (wwss) 
gave more variegateds and selfs and fewer black-eyed-whites and pied than 
expected. This would occur if some of the Kasuri parents were WwSS. 
Our experiments prove that both of these genotypes show the variegated 
pattern. Black-eyed-whites (Wwss) which occasionally had some dark 
markings also showed, according to So and Imat, the same silvering or 
roaning effect in the dark areas. DANFORTH and DE ABERLE (1927) like- 
wise record the appearance of WwSS as “roan.” A similar variegated pat- 
tern was described in a mouse assumed by KEELER (1931) to contain a new 
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mutation to W. The evidence that a new mutation had occurred is not 
convincing since no history of inbred ancestry of the “mutant” is given 
and since, as shown later in this paper, the gene W in certain selected 





FIGURE 1.—Variation in amount of white spotting in variegated mice. 


strains may have no expression except in the production of anaemic lethal 
homozygotes and an occasional dark spotted heterozygote. A silver strain 
of this sort has been maintained in this laboratory for nine years. The 
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variegated pattern of the mutant may thus be due to the same gene W 
with which we have worked, accompanied by a fortuitous combination of 
modifiers. 

The variegated races of the English fanciers show these finely dispersed 
patterns to such an extreme degree that it was not at first evident whether 
they belonged to the same genotypes as the similarly spotted mice used by 
the American and Japanese investigators, or whether they had additional 
pattern genes. They had evidently been selected for maximum inter- 
mixture of colored and white areas, since the standard for variegated is 
defined by the National Mouse and Rat Club of Great Britain (a fanciers’ 
organization) as follows: “A variegated mouse shall be of any colors which 
run one into the other, the more scattered the better; and must be free from 
any spots or solid patches as in Evens or Brokens.” 

In spite of this, considerable variation in pattern and extent of spotting 
was evident among the fanciers’ variegated, and we undertook a genetic 
analysis of this type to determine the causes of this variation, to study the 
relation of the genes involved to the peculiar variegated pattern, their 
dominance relations in the various combinations and their interactions 
with other spotting genes, with the eventual object in view of gaining some 
insight into the mechanism by which the spotting genes affect differentia- 
tion of colored and white areas in the skin. 

Since the gene W was found to be present in all variegated types, and 
since this had been shown to act as a lethal through causing an embryonic 
anaemia in certain combinations (DETLEFSEN 1923, DE ABERLE 1927) a 
special study was made of the effect of W on spotting in those homozygotes 
which survived to the age of pigment development. Other observations on 
the lethal action of W will be reported in a separate paper. 

The methods of grading and description of spotted forms are those de- 
scribed in the first paper in this series (DUNN and CHARLES 1937). 


PRELIMINARY EXPERIMENTS WITH BLACK VARIEGATED MICE 


Breeding experiments with strains of well-marked variegated mice ob- 
tained from an English fancier (Mr. W. Turton of Bath) showed that 
none bred true to this condition. When mated together, they always 
bore not only variegated progeny but also anaemic young which died soon 
after birth, as well as self-colored offspring. Some variegated mice pro- 
duced also black-eyed-white and pied offspring while others did not. 
All of the mice tested were homozygous non-agouti black (aaBB) and in 
the experiments reported in this paper this combination was retained. The 
effects of the spotting genes as described below are thus those which ap- 
pear when combined with black. The effects when other color genes are 
substituted will be described in later papers. 
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Matings of variegated with black-eyed-white animals known to carry 
W (Wwss) demonstrated that the variegated mice carried the same gene 
W. Matings of variegated with pied (wwss) showed that most of the 
variegated mice obtained from fanciers carried both the pied gene, s, 
and its normal allele S (self) and were WwSs. A few of the fanciers’ varie- 
gated proved to be WwSS. This genotype has been designated Type “C” 
(DuNN 1920). As shown below it cannot be distinguished phenotypically 
from WwSs variegated. The two variegated phenotypes are consequently 
combined in table 1, which shows the results of the preliminary matings in- 
volving variegated. 

In experiment 1 (table 1) are shown the results of crosses of variegated 
by variegated, in which both of the parents had been shown to be WwSs 
either by the production of black-eyed-white (Wwss) or pied (wwss) 
progeny in inter se matings, or of either of these classes in matings by pied. 
The results depart somewhat from those expected on the above assump- 
tions, but this is shown to be due chiefly to the deficiency of the anaemic 
lethal type which is frequently destroyed by the mother at birth. When the 
lethal class is omitted and the ratios among the survivors are calculated 
(2/12 Wwss; 6/12 WwS(—); 3/12 wwS) a very close fit to expectation is 
obtained. 

Experiment 2 shows the results of matings of variegated (WwSs) by 
Type “C” variegated (WwSS), both parents having been tested by pied 
and shown to be of the genotype given. The results conform to expecta- 
tion when the lethal class is omitted. 

Results of crossing each of the variegated genotypes with pied (broken 
spotted Line 1a) are shown in experiments 3 and 4. In experiment 3, varie- 
gated and pied classes fall below the proportions expected. The fact that 
the deficient progeny classes are WwSs and wwss, which arise from the 
Ws and wS gametes of the variegated parent, suggests linkage (in this case 
repulsion) between W and s, but other extensive evidence (DUNN 1920, 
KEELER 1931) makes this unlikely. A few errors in classification may have 
occurred, but the detailed description of the progeny shows that there 
was practically no intergrading between the classes so this cannot account 
for any large part of the discrepancy. 

Another group of variegated mice from the same stock, when tested 
individually by pied, produced only variegated and selfs in about equal 
numbers (experiment 4), showing that these variegated were WwSS. 

In all, 52 variegated mice from English variegated stock were thor- 
oughly tested individually by crossing with doubly recessive pied wwss 
and with variegated mice of known genotype. Of these 37 proved to be 
WwSs and 15 to be WwSS. Contrary to expectation these genotypes were 
indistinguishable phenotypically; all were variegated mice ranging from 
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about 5 percent to about 80 percent white dorsally. Most of the WwSS 
mice were among those of the darker grades, but several of them were 
among the lightest variegateds tested, so that darkness or lightness affords 
no certain criterion of genotype. Factors influencing the degree of pig- 
mentation, apart from pattern, will be discussed later. 

Variegated mice were also crossed with black-eyed-whites (Wwss) de- 
rived both from the variegated stock and from an unrelated strain of 
English black-eyed-whites. Both sets of experiments yielded similar re- 
sults which are summarized in experiment 5. The proportions of the chief 
spotted types obtained conform to expectation when correction is made 
for deficiency of the lethal type surviving. 

Variegated mice (WwSs) from stock were outcrossed to unrelated self- 
colored mice from an inbred stock of English blacks (experiment 6). The 
progeny included only spotted and self-colored mice in equal numbers. 
Most of the spotted mice were variegated, but some were very dark, with 
only a small patch of white hairs in the belt region or with white only on 
the belly. When tested by pied about half of the spotted mice proved to be 
WwSs and about half WwSS (see experiment 6). The darker forms were 
all WwSS. These when bred together produced anaemics, dark variegated 
(or mice with too little white spotting to show variegation) and selfs 
(experiment 7). There was an excess of selfs and a number of these were 
tested and shown to be WwSS, so that this genotype could not always be 
separated from wwSS without progeny tests. Evidently modifying genes 
which were introduced from the self strain obscured the expression of 
WwSS. We have now bred a stock of WwSS variegated mice which after 
15 generations of selection produces only light variegateds (about 85 to 
98 percent white) and selfs or near-selfs, showing that variation in amount 
of pigment depends on other factors in addition to W and S. These experi- 
ments with WwSS also confirm DANFORTH and DE ABERLE’S (1927) ob- 
servation that WW produces anaemia and is lethal also in combination 
with SS. We were able to rear some of the WWSS anaemics from this 
cross to the age of one to two weeks and to show that they too are black- 
eyed-whites. 

Finally the pied arising from variegated were bred inter se and crossed 
with pied from other sources. These matings yielded only typical pied 
progeny. 

The experiments thus far had shown that the variegated mice of the 
English fanciers contained the previously known spotting gene W in com- 
bination either with S or s (pied), and were thus the same as or similar to 
the Kasuri or silvered type of the Japanese. The fact that So and Imai did 
not observe the anaemic young which in our stock arise whenever varie- 
gateds are crossed with other genotypes containing W is not an important 
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difference. Unless litters are examined soon after birth, the anaemic type 
may not be detected and in some stocks it may not survive until birth. 

After these preliminary experiments, attention was turned to the two 
main problems arising from them: (1) the genic basis of quantitative varia- 
tions in degree of spotting in variegated mice and (2) the causes of the 
peculiar variegated pattern which we found associated with the gene W. 
The inheritance of quantitative modifiers is discussed below; the deter- 
mination of pattern in a later paper. 


MODIFYING GENES 


One of the outstanding characteristics of the variegated pattern, as of 
most rodent spotting patterns, is its great variability in the relative extent 
of white and colored areas. From the original variegated stock animals 
were obtained which varied from solid colored to nearly solid white with 
dark eyes. Some of the major steps in this variation are obviously effected 
by the two major spotting genes concerned, W and s. Thus from this stock 
animals having neither spotting gene (wwSS) are usually solid colored, 
although the wwSs animals may have a small amount of white on the 
under surface. Those with both spotting genes (Wwss) are usually black- 
eyed-white, although they may have small colored areas around the ears 
or on the rump. Those with the pied gene alone (wwss) vary from 15 to 
85 percent white. The variegated classes WwSS and WwSs vary from self- 
colored to about 95 percent white. Since WwSs averages somewhat lighter 
than WwSS it is apparent that the presence of W influences the dominance 
of S, that is, a single s acts either as a modifier of W or cumulatively with 
it to increase the extent of white spotting. The great range of spotting 
variation within single genotypes, however, indicated that other condi- 
tions were fluctuating and until these were made constant it was impossi- 
ble to measure the relative effects of the main genes. 

In order to test the nature of some of the factors underlying this varia- 
bility, a stock of WwSS variegated was produced by mating together such 
tested individuals from the original variegated stock. These animals pro- 
duced offspring of three types: anaemic young (WW) which died shortly 
after birth, variegated (WwSS) and selfs (wwSS). Variability due to the 
pied gene was thus eliminated. The stock was maintained by crossing to- 
gether the variegated animals in each generation. This stock was then 
crossed with a self race (silver) in order to observe the effect of possible 
modifiers introduced from a non-variegated stock. The offspring showed 
little or no spotting indicating that W alone was not sufficient to produce 
the variegated pattern. These progeny were bred inter se for several gener- 
ations. Several of the pairs which produced anaemic offspring (indicating 
that they were WwSS) were taken as the starting point of an inbreeding 
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experiment in which the lighter animals (those with more white spotting) 
were selected in each generation. The results are shown in table 2. The first 
three generations consisted of inter se matings of WwSS animals without 
selection. Beginning with the fourth generation, the lighter (not always 
the lightest) litter mates were bred together. From the fourth generation 
on, two groups of progeny (in addition to the anaemics) appeared in each 
generation: (1) variegated animals with dorsal spotting ranging from about 
10 to 95 percent white, (2) animals with no white spotting or with a small 
white spot on the belly or occasionally on the back, never covering more 
than 5 percent of the back and never showing variegation. The former 
proved to be WwSS and the lightest of these were bred to continue the 
selection experiment; the latter were wwSS. Selection and inbreeding in- 
creased markedly the extent of spotting of the WwSS type from an aver- 
age of about one percent at the beginning of the experiment to about go 
percent in the 14th generation. With increasing whiteness the degree of 
roaning (admixture of white hairs in colored areas) also increased so that 
in the last four generations all of the WwSS progeny were typical roans. 

A significant feature of the result is the failure of selection for light 
WwSS to increase to any marked extent the proportion of white on the 
wwSS animals which appear through segregation in each generation. Most 
of these animals through the tenth generation were either solid colored 
or had at most a small white spot on the belly. After this generation the 
proportion of those with belly spot increased and a few with dorsal spot- 
ting appeared, but these never showed more than 5 percent of white, usu- 
ally as a small solid spot on the center of the back. Eight of this dark 
spotted type from Fy_1u were tested by crossing with light variegated 
(“C”) and gave no anaemics. They were thus probably wwSS. Three were 
tested by recessive spotted (wwss) forms and gave only self and dark 
spotted, and no black-eyed-whites or variegateds showing that these were 
wwSS. One dark spotted animal from the F,; of the selection experiment 
gave a different result. This animal was graded 5/20, but had a small roan 
patch on the belly, the only case of ventral variegation that we had ever 
seen. When bred to “K” spotted (wwSS) this exceptional male gave three 
dark spotted (1-2 percent) and one variegated! (60 percent), showing that 
he transmitted at least one W gene. By another dark spotted animal 
(5/15) from Fj3, the exceptional gave dark spotted (1-2 percent) and by a 
variegated (WwSS) he gave 4 self and 1 variegated but no anaemics. The 
latter tests are inconclusive but it is noteworthy that out of 12 gametes 
tested only one carried W. It is possible he may have been a mosaic with 
W in only a part of his tissues and thus not a valid exception to the rule 
that the dark spotted and self animals produced by light variegated do not 
contain W. 
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If, as seems probable, selection has resulted in the accumulation in this 
line of accessory genes influencing white spotting, these would appear to 
have an important effect only in the genotype which contains W. The small 
amount of spotting on wwSS may be due to the inclusion of minor genes 
of the “K” type. If any such were present in the variegated or self-colored 
original stocks they would have been retained by the selection for increase 
of white spotting. It is probable therefore that some of the accessory genes 
are specific modifiers of W in the sense in which BripGEs (1919) has used 
the term. For each such modifying gene, which when homozygous and in 
combination with W increases the amount of white spotting, we shall use 
the symbol m(W)1, m(W)2—etc. (specific modifiers of W). 

The results of the selection experiment may thus be interpreted as due 
to the collection of several such modifiers, which collectively we shall refer 
to as the m(W) complex, in homozygous state. The progress toward 
greater extent of white which began in the fifth generation coincident with 
more stringent selection has been slow but steady, indicating multiplicity 
of genes with small individual effects. The assumption that the same 
modifying genes are present in both light variegated and unspotted or 
little spotted wwSS segregates has been tested by crossing the latter by 
the former. This cross (table 3, experiment 2) gave the same results in 
respect to spotting grade of offspring as the cross of light variegated inter se 
showing that the same modifiers are present in both but are relatively in- 
effective in the absence of W. This demonstration also makes it improb- 
able that any close linkage exists between W and its modifiers. 

In another stock of WwSS animals from the same origin, the original 
cross of variegated by self was followed by selection of the least spotted 
forms. This stock was maintained for 13 generations, and for the last 10 
generations produced no variegated animals. The presence of W is re- 
vealed only by the production of anaemics, and an occasional small belly 
spot. Since the two stocks are identical with respect to the main genes con- 
cerned (WwSS), it follows that plus spotting modifiers (the m(W) com- 
plex) have been accumulated in one, minus modifiers or the wild type 
alleles of the m(W) genes in the other. 


ANALYSIS OF MODIFIERS OF VARIEGATED 


An analysis of these modifiers has been made by crossing light varie- 
gated animals from the eleventh and later generations with one of the same 
self races (dilute brown) used in the analysis of the pied genes and by back- 
crossing the F; animals to the light variegated type. The self race has never 
shown any trace of white spotting and has been proved (DUNN and 
CHARLES 1937) to carry the wild type alleles of the spotting genes of the 
pied series. 
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The cross of light variegated by such self-colored animals produced two 
classes of offspring in about equal numbers, one class entirely unspotted 
like the self parent; the other very dark spotted, either with white only on 
the belly or with a small white variegated spot on the back (table 3, experi- 
ment 3). Of these the first group proved to be wwSS, the second WwSS. 
The spotting on the latter group seldom exceeded 5 percent (one excep- 
tional individual had 25 percent of white on the back); whereas the WwSS 
animals of the variegated parent type had an average of 80-85 percent 
white and none was darker than 65 percent white (table 3, experiment 1). 
It is clear that the variegated modifiers are nearly completely recessive to 
their wild type alleles in the self race. 

In order to study the segregation of these modifiers both F; types were 
backcrossed to light variegated (Fis grades 90 and 95). Fi spotted animals 
(0/25 to 8/30) when so backcrossed produced 21 anaemics (WWSS); 75 
with no dorsal spotting (wwSS); and 126 variegated (WwSS) ranging from 
5-95 percent white. The ratio of ve to unspotted is about the ratio 
expected for segregation of W and w in this cross. The important feature 
is the evident segregation of modifiers influencing the amount of spotting 
in the WwSS type. In contrast with the limited variation of the varie- 
gated parent race (65-95 percent white with majority from 85~—95 percent 
white) the backcross animals vary over the whole range from 5~—95 per- 
cent and two-thirds of them are entirely outside the range of the varie- 
gated parent type. It must be assumed that these darker forms are due to 
wild type alleles introduced from the self race. 

The backcross of F; selfs (wwSS) to light vasiegpacd gave essentially 
the same result with respect to quantitative variation in spotting, showing 
that the unspotted F; animals contain the same modifiers as the spotted 
ones. This cross produced about equal numbers of spotted (51 WwSS) and 
unspotted (48 wwSS) animals. The former varied from 20-85 percent 
white, over half of them below the range of the variegated race. All WwSS 
backcross animals combined give the distribution shown in table 3, line 6. 
If we assume that animals from 80-95 percent white have the genetic con- 
stitution of the variegated race (actually about go percent of the varie- 
gated race fall within these limits) then we may say that this type was re- 
covered in about ro percent of the backcross, a distribution which would 
arise if the F; were segregating for about three independent loci of which 
the recessive alleles were present in the variegated race. Because of a con- 
siderable degree of non-genetic variation in spotting, estimates of this sort 
are unreliable, but the evidence leaves little doubt that much of the varia- 
tion in the backcross spotted animals is due to segregation of several 
specific modifiers of the spotting which accompanies the gene W. 

In addition to such modifying genes, other causes not under genetic 
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control probably influence the degree of spotting. For this conclusion there 
is first the evidence from the inbred light selected stock which after 14 
generations still shows variation within the same family of from 85 to 
about 98 percent white. One dark variegated animal from the tenth gener- 
ation was only 35 percent white, although most of the spotted animals 
were over 60 percent white. When this exceptional individual was tested 
by light variegated (85 percent white) the F; spotted animals were light, 
most of them from 60-80 percent white, like the normal variegated race 
at this time. The F.’s produced by interbreeding the light F,’s contained 
only light variegated, so that the darkness of the exceptional parent ap- 
peared not to be transmitted, but to be due to a chance fluctuation in de- 
velopment. 


RELATION OF VARIEGATED MODIFIERS TO THE 
PIED GENES 


Questions now arose as to the relation between the specific modifiers 
of variegated and the spotting genes (non-specific modifiers) of the vari- 
ous pied races (DUNN and CHARLES 1937). The light variegated race was 
crossed with three inbred spotted stocks: (1) white-face pied, known from 
the previous experiments to contain the pied gene ss but probably no other 
spotting genes with important quantitative effects; (2) belted pied (Line 
190) which is known to be ss plus at least one other spotting gene but 
which contains the wild type alleles of some of the spotting genes involved 
in the “all-white” and “K” types of spotting; and (3) with animals with the 
“K” spotting complex which comprises most of the spotting genes of “all- 
white” except s (pied). 

The F; from the cross of white-face by light variegated gave only very 
dark variegated of about grades 0 to 10 (table 3, experiment 8), that is, 
about the same result which was obtained by crossing self (d br) by light 
variegated. The white-face stock thus seems to contain, like the self stock 
used, the dominant alleles of the variegated modifiers. All of this F; genera- 
tion was heterozygous for s, which is thus shown not to act as an im- 
portant modifier of variegated when heterozygous and not in combination 
with other spotting genes. Half of the F; animals showed dark variegated 
spotting (WwSs) while half were either self or had only a small white spot 
on the belly (wwSs). The former (3-5 percent white) were backcrossed to 
the light variegated race (80-85 percent white) to test the segregation of 
variegated modifiers. The backcross generation (table 3, experiment 9g) 
contained anaemics (WW), and nearly the whole range of spotting varia- 
tion from self to 80 percent white, as in the similar backcross of F; from 
self (d br) by light variegated. This is to be contrasted with the white-face 
range of 5-15 and the variegated range of 65-95 and clearly indicates a 
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segregation of several modifiers. It is not profitable to analyze this result 
further, since the backcross variegated animals consist of two sorts, 
WwSS and WwSs, each with various combinations of modifiers, and the 
parts played by s and the modifiers cannot be separated without further 
breeding. 

The cross of belted pied Line 190 (average about 30 percent white) by 
light variegated from the thirteenth inbred generation (average about go 
percent white) produced two classes of offspring (table 3, experiment 11). 
Half were self or nearly so (o-10 percent white) wwSs; and half were 
variegated (WwSs) ranging from 35-65 percent white. There was no over- 
lapping between the two types. Animals of the variegated group were 
clearly darker than the light variegated parent type, showing that Line 
190 pied contains some of the type alleles of the variegated modifiers. 
The fact that this F,; was much lighter than that from the less spotted 
white-face pied cross shows either that 190 contains some of the varie- 
gated modifiers which white-face lacks or else that s or k genes even when 
heterozygous act as modifiers of variegated, when other spotting genes 
(from 190) are also heterozygous. 

The F; self-colored animals (wwSs) were backcrossed to Line 190 pied 
(wwss) to test whether the variegated modifiers for which they were 
heterozygous would influence the grade of pied. This backcross produced 
two classes of young, dark spotted varying from self to 5 percent white 
(wwSs), and lighter belted and broken pied (no variegateds) wwss (table 3, 
experiment 12). The latter varied from 20-65 percent white. Three of them 
were above the usual grade of the 190 parent race, and they showed more 
white spotting on the average than the 190 race. It is possible therefore 
that additional variegated modifiers introduced into a pied race do, even 
when heterozygous, increase the extent of white spotting. These may thus 
not be entirely specific for the spotting conditioned by W but may act 
cumulatively with other spotting genes. 

The above cross is of further interest in showing that the finer details 
of the variegated pattern apart from the degree of spotting are influenced 
by the genetic constitution. The F; variegated animals from the cross of 
190 by variegated all showed a much coarser variegation than animals of 
equal grade from the selected variegated stock. This took the form of 
larger patches of black and entire absence of roaning or admixture of white 
hairs in black areas. 

Light variegated animals, 75—95 percent white, from F214 were crossed 
with “K” belted animals (15-30 percent white) from the F;, of that line. 
Two classes of offspring appeared in F; (table 3, experiment 14). Half were 
self or dark spotted o-10 percent white (wwSS), and half were variegated 
ranging from 50-80 percent white (WwSS). The F,; variegated animals had 
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more white spotting than the F,’s from 190, notwithstanding that 190 has 
more spotting than “K” and also introduces the pied gene s into the cross. 
The F;,’s were in fact only a little less spotted than the light variegated 
parent race itself. This must mean either that the “K” race contains sev- 
eral of the variegated modifiers, or that the “k” spotting genes act cumu- 
latively with the variegated modifiers even when both are heterozygous. 
It is significant that the wwSS F, type is much darker than the “K” type, 
about half of the F; type having no dorsal spotting, a condition not en- 
countered in the “K” race. Light variegated, therefore, has transmitted 
the dominant alleles of one or more of the “k” genes which are thus 
shown to be different from some at least of the variegated modifiers. 

The backcross of the F; variegated type (WwSS) to the “K” race pro- 
duced but few offspring (table 3, experiment 15). In respect to spotting 
these fell into two distinct groups. About half were self or dark spotted 
(o-10); and half were variegated of the coarse type varying from 35-75. 
The amount of spotting in the variegated type was less than that of the 
F,, but this may have been due to the use of dark F; parents (55 percent 
white). The amount of spotting in the wwSS progeny was however some- 
what increased over the grade of the similar group in Fi, an effect of seg- 
regation of “k” genes. 

Selfs (wwSS) from Fio-12 of the light variegated race were also crossed 
with “K” belted (F,). The F; (table 3, experiment 16) contained only dark 
spotted animals, o-10 percent white. These when backcrossed to the “K” 
parent type produced offspring ranging from self to 45 percent white (table 
3, experiment 17). Nearly all of them showed belt spotting, only 7 out of 
125 having no dorsal white spotting. The range exceeded that of the “K” 
parent type and the distribution included more animals in the lighter 
spotted classes than ever appear in the “K” race. The lighter animals from 
this backcross generation were inbred with selection for light spotting for 
two generations. The progeny (table 3, experiment 19) varied from 25-40 
percent white, a range and average considerably above that of the un- 
crossed “K” race. These differ from “K” by factors introduced from the 
light variegated race. 

The F;’s were also bred together (table 3, experiment 18). The F; con- 
sisted of selfs and dark spotted varying from 5-20 percent white. The 
lighter grades not represented in F; (15—20 percent) are due to segregation 
of “k” genes, in this case in combination with m(W) genes. 

The situation may be clarified by comparing these results with those 
obtained by crossing “K” with a self race (d br) which is known not to 
contain the variegated modifiers. The comparison is made in table 4. 
There can be no doubt that the self-colored animals from the selected varie- 
gated stock contribute genes which increase the amount of spotting when 
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“k” genes are present either in heterozygous (F;) or in homozygous (BC, 
F.) condition. The total effect of the m(W) genes is not great; they add 
only about 5 percent to the grade of the “K” segregates, but this is their 
effect when heterozygous. We have no adequate measure of their effect 
on the “K” complex when homozygous, but an estimate may be made by 
comparing the average grade of the inbred “K” race (about 16 percent in 
F,) with the average of a “K” race derived from inbreeding the lightest 
spotted animals from the cross of self m(W) by “K” (table 3, experiment 


TABLE 4 


Comparison of results of crossing “K” spotted with (1) selfs derived from the selected race, 
(2) selfs not selected for m(W) modifiers (dilute brown). 








GENER- PERCENT OF DORSAL WHITE 
PARENTS 

ATION ° 5 10 I§ 20 25 30 35 40 45 n m 
F, Self (d br) X*K” spotted 41 41 ° 
F, Self (from light Var.)xX“K” spotted 15 29 8 52 Su 
BC F; (from d br) X“K” spotted > sh «© i 7 3 2 74 «10. 
BC F; (from light Var.) X*K” spotted 7 28 go 22 3 2 23 3 I sas 0s tS. 
F, F,XF; (from d brXK) 161 19 9 4 193 2 
F: F.iXF; (from self m(W) XK) 8 20 4 5 3 4° 6. 





19). This race now (F;) has an average grade of 35 percent. The increase of 
about 20 percent over the uncrossed “K” race is probably due to the pres- 
ence of m(W) modifiers, which have become homozygous under inbreed- 
ing and selection. Although it is not certain that all m(W) modifiers were 
present, the data are sufficient to show that they have a measurable 
effect when added to the “K” complex. The clearest fact from the above 
experiments is that crossing light variegated with “K” reduces somewhat 
the degree of variegated spotting in WwSS animals, and increases the de- 
gree of belt spotting in wwSS animals with the “k” genes. 

The other crosses with self, white-faced and belted pied show that the 
effect of each race in reducing the degree of variegated spotting when 
crossed with selected light variegated is correlated with the number of “k” 
genes assumed to be present in each race (DUNN and CHARLES 1937). Thus 
if we assume an average spotting of 85 percent white for the light varie- 
gated (WwSS) type at the time the crosses were made, this is reduced to 
less than 5 percent in WwSS hybrids from light variegated by self (dilute- 
brown) which we assumed to contain no “k” genes; to about 5 percent in 
WwSS hybrids from light variegated by white-face, which we also assumed 
to contain no “k” genes; to about 40 percent in WwSS hybrids from light 
variegated by belted pied, which we assumed to contain at least one “k” 
gene and to about 70 percent in WwSS hybrids from light variegated by 
“K” which we assumed to contain at least three “k” genes. There is no cor- 
relation between degree of variegated spotting and presence of one pied 
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gene s, since WwSs hybrids from light variegated by either white-face or 
belted are less spotted than WwSS hybrids from light variegated by “K.” 
Thus the heterozygous “k” genes tend to act cumulatively with W when 
m(W) genes are heterozygous, while heterozygous s shows little of this 
tendency. This may be due to the peculiarity in the expression of s noted 
in the previous part; that is, s appears to have little or no effect alone but 
disproportionately great effects when combined with genes of the “k” 


type. 


INTERACTIONS OF THE GENES AFFECTING THE 
VARIEGATED PATTERN 


In the absence of data on homozygous combinations of the several spot- 
ting and modifying genes involved, their interactions, which are appar- 
ently complex, cannot be completely described. However several indica- 
tions are clear from the data in this part. 

1. The modifying genes accumulated by selection in the light variegated 
WwSS race (our m(W) complex) are multiple and probably recombine 
at random with each other and with W. By themselves they produce little 
or no spotting even when several are homozygous. In the combinations 
studied, they apparently do not initiate the processes leading to spotting. 
Animals with these genes (but without W or s) do sometimes show a little 
spotting as in some “self” segregates from the light variegated race, but 
this may be due to the presence in that race of independent spotting genes, 
like those of the “k” type, with minor effects, since these appear in many 
so-called self races derived from fanciers’ stocks. 

2. The m(W) genes interact with W in a very striking way to produce 
when several are homozygous a maximal variegated spotting effect which 
renders nearly the whole pelt white. hey do not interact thus with any 
other gene and the relation is thus 4 specific one. We have called this, 
following BrIDGEs, a specific modifying effect of m(W) on W. 

The evidence on interactions of m(W) with s and with minor spotting 
genes from the all-white pied race (our “k” genes) is incomplete. The indi- 
cations are that the effects of m(W) do not cumulate with those of s but 
do to a slight extent with those of “k” when both “k” and m(W) are homo- 
zygous. The latter two complexes may have some common genes although 
it is probable that some of the m(W) genes are independent of and act dif- 
ferently from those of the “k” series, since the latter may themselves initi- 
ate spotting reactions without W. This difference may be primarily one of 
the magnitude of effects of the individual genes, a threshold difference, 
by which genes with very small effects such as those of the m(W) series 
have pronounced effects only when combined with a gene influencing some 
step in the spotting reaction to a pronounced degree such as W; whereas 
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genes representing somewhat greater mutational changes, such as some of 
those of the “k” series, themselves reach the threshold effect more fre- 
quently but still to a lesser extent than W. 


DOMINANCE RELATIONS 


The gene W has usually been referred to as having a dominant effect on 
spotting and a recessive lethal effect, through causing an embryonic 
anaemia in homozygotes. In this case, as in so many others, the definition 
of dominance has been derived from the effects of the gene in only a few 
known heterozygous combinations, and its homozygous effects on spotting 
have not been described. When its effects in many combinations are ex- 
amined it becomes clear that W may with equal right be regarded as having 
dominant, partially dominant or recessive effects on spotting, depending 
chiefly on the genetic constitution with respect to S, s and m(W) genes. 

The gene W has been most commonly dealt with in black-eyed-white 
mice which are Wwss in constitution and when bred together produce 
about 3 black-eyed-white and § broken pied. When special efforts are made 
to observe all young immediately at birth, this ratio becomes } anaemic: 
3 black-eyed-white: } pied. In our stock of black-eyed-whites such obser- 
vations over a short period resulted in a birth ratio of 35 anaemics: 84 
black-eyed-whites: 37 pied, a proportion of 22.5 percent of anaemics. Most 
of the anaemics ordinarily die or are eaten by the mother soon after birth, 
but when they are left with the mother as the only young in the litter they 
may survive for variable periods up to two weeks. The surviving anaemics 
from such matings become typical black-eyed-whites in pattern. The true 
ratio in respect to spotting is thus ? black-eyed-white:} pied. W in this 
combination acts as a complete dominant. 

When W is combined with SS and the type alleles of the m(W) genes as 
in our selected self-colored race (WwSS) it acts as a practically complete 
recessive. Such mice bred inter se produce } self-colored: } anaemic; the 
latter when reared to the age of pigment production are typical black- 
eyed-whites. A mutation to W in a wild type stock should therefore first: 
act as a recessive and should become dominant only when introduced into 
stocks with mutant alleles of the m(W) genes. 

It is probable that the dominance of W in black-eyed-white stocks has 
been acquired through the selective accumulation of m(W) genes, and an 
experimental demonstration of this possibility has been given in the selec- 
tion experiment shown in table 2, in which a self-colored race (WwSS) in 
which W acts as a recessive has been converted by selection into a light 
variegated race (WwSS) in which W acts as nearly a complete dominant. 
The latter race now produces } anaemics (WWSS) which when they sur- 
vive develop the black-eyed-white phenotype; 3 very light variegated 
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(WwSS) which are hardly distinguishable from black-eyed-whites; and } 
self or very dark spotted (wwSS). 

In at least one black-eyed-white strain obtained from a fancier, both 
m(W) and “k” type genes had probably been accumulated by selection 
since this strain was said to produce only black-eyed-white progeny. We 
tested several pairs from this strain and found that they did in fact produce 
only black-eyed-whites and anaemics showing that the parents tested were 
Ww. Some of the black-eyed-white progeny however, when tested, proved 
to be wwss, that is, they were all-white pied. The strain thus bred true only 


TABLE 5 


Relative dominance of W in various combinations. 











PARENTS PROGENY 
GENOTYPE FOR CONDITION OF PHENOTYPE IN PROPORTION: 
W AND s m(W) Loci % DORSAL WHITE “ 
Light Variegated WWSS mutant 100 2 white 
WwSSXWwSS WwSS mutant 90-95 . 
wwSS mutant 0-5 i self 
Self WWSS type 100 4 white 
WwSSXWwSS WwsSS type °. 
# self 
wwSS type °. 
Medium Variegated WWSS part mutant 100 4 white 
WwSSXWwSS WwSS part type 20-80 4 spotted 
wwSS oO. + self 
Black-eyed-white WWss mutant 100 ar 
é 7 . 3 white 
WwssXWwss Wwss mutant 100 
wwss mutant 50-90 + spotted 
Intermediate spotted WWss type 100 4 white 
WwssXWwss Wwss type —_ 3 spotted 
wwss type o-50 





in the sense that it produced two indistinguishable phenotypes Wwss and 
wwss. In the presence of such modifier complexes W was obviously not a 
spotting differential at all; its only detectable effect was its homozygous 
lethal effect. The cumulative effect of many spotting genes W, s, m(W), 
and “k” type, although it completely suppressed pigment development in 
the skin, did not appreciably modify pigment development in the eye, 
showing that the epidermal effects of such genes probably occur after the 
pigment determination process is completed in the eye. 

When W is combined with SS in the presence of some type and some 
mutant alleles of the m(W) genes, the relative dominance of W is reduced 
and it acts as an incomplete dominant. This is the situation in the earlier 
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generations of the variegated selection experiment (table 2, Fs_10) where 
inter se matings of WwSS gave } WWSS, anaemics which become black- 
eyed-whites, } WwSS variegated of intermediate grades and } wwSS selfs, 
a clear 1:2:1 ratio. 

When ss is substituted for SS in the above combinations, W continues 
to act as a dominant when the mutant alleles of the m(W) genes are pres- 
ent, and as a recessive in the presence of type alleles of the m(W) genes. 
The evidence for this consists of (1) results of inter se matings of black- 
eyed-whites and pied recessives, (2) results of matings between animals of 
genotype Wwss which show intermediate grades of spotting and produce 
+ anaemics WWss (black-eyed-whites) $ intermediate spotted (Wwsss) 
like the parents and } darker spotted pied (wwss); a ratio of } white; ? 


spotted. Several matings of this sort were reported by DUNN (1920) and’ 


although the eventual phenotype of the lethal class was not observed at 
that time it can be safely assumed as black-eyed-white. In these cases the 
quantitative differences between the dominant and recessive classes is 
reduced by the presence of s and “k” genes which together produce spot- 
ting in the ww class. W in these cases thus acts as a differential between 
white and spotted, whereas where S is present, W differentiates white from 
self. 

The effects of W on spotting in these various combinations are summa- 
rized in table 5. Although this makes it evident that W has dominant, in- 
termediate or recessive effects on spotting according to the genotype with 
respect to m(W) genes, we have retained the symbol for W as a dominant 
since this has become fixed in the literature. 


COMPARISONS OF EFFECTS OF GENES INFLUENCING 
VARIEGATED AND PIED PATTERNS 


In this and the preceding paper we have attempted to analyze only the 
quantitative variations in two types of spotting patterns appearing in 
mutant stocks of mice. The qualitative differences in the patterns and pos- 
sible developmental steps involved will be discussed in later papers. Con- 
sidering only the effects on total amounts of white spotting, some simi- 
larities and some differences in the actions of the several genes are appar- 
ent. 

The gene W alone has been shown to have no effect on white spotting, 
but a large effect when combined with the m(W) complex, this combina- 
tion giving the lighter roan patterns or coats almost entirely white. 

Likewise Ss or ss has little or no effect alone but much more when com- 
bined with the “k” complex, giving the white type. 

The m(W) complex alone has little or no effect whereas the “k” complex 
alone has an appreciable effect although each individual gene of this com- 
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plex has probably but a minor effect when acting alone. The distinction 
is that between specific modifying action [m(W) on W] and additive action 
(“k” on s). This difference as we have indicated may be due to the magni- 
tude of the mutative steps involved, the m(W) mutations having effects 
below the visible threshold, the “k” mutations having effects at or above 
the threshold. The absence of a sharp line of demarcation between the two 
sorts is shown by the apparent cumulative action of m(W) genes when 
combined with the “k” complex. 

A striking fact is that the individual effects of all the genes studied are 
probably very small, the major departures of the spotting pattern from the 
wild type appearing only when several occur together, an event which 
would be rare in nature. This multiplicity of small mutative changes in 
loci affecting pigment production is shown also by the frequent occurrence 
of small white areas (feet, tail tips, blaze, belly spot) in laboratory stocks 
(LitTLE 1926, Murray and GREEN 1933, CLARK 1934, KEELER 1935) and 
in house mice taken from nature (LITTLE 1917, KEELER 1933). Only a few 
domesticated races are known in which these do not occur. The spotted 
races of the laboratories and fanciers have probably been produced by 
bringing into combination many genes with additive or modifying effects 
upon each other. 

In addition all of the spotted forms are subject to much non-genetic 
variation. The most constant races are those at the extremes of the spot- 
ting range near self and all-white; the most variable those at the center. 
In the present case this conclusion is drawn chiefly from observation of 
long inbred spotted stocks. Analyses similar to those of WricHT, who has 
studied this type of variation in the guinea pig, have not yet been made, 
but it is apparent that non-genetic variation, although accompanying all 
spotting conditions in the mouse, is not as marked in the mouse as in the 
guinea pig. 


SUMMARY 


House mice with the white spotting patterns known as variegated or 
roan (finely dispersed patches of colored and white hairs) show continuous 
variation from a few white hairs to the black-eyed-white condition. 

All such contain the gene W which is lethal when homozygous, producing 
embryonic anaemia. Occasional survivors (WW) are black-eyed-white. 

Variegated mice of the English fanciers’ races are either WwSs or WwSS. 
Selection for increase of white spotting in the latter type produced after 
14 generations a race in which the WWSS offspring (anaemics) are black- 
eyed-white, WwSS are light variegated from go-98 percent white, wwSS 
are self or little spotted (maximum 5 percent white). 

Both of the latter classes contain a complex of modifying genes m(W). 
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W has no effect on spotting except when combined with these specific 
modifiers, which thus determine quantitative variations in the variegated 
pattern. Some variation is also due to non-genetic causes. 

Crosses between a race in which such modifiers have been accumulated 
(light variegated WwSS m(W)) and self and pied races (white-face, belted, 
“K” spotted) showed that the modifiers were recessive and represented 
mutations at several loci (at least three). 

Studies of the effects of W in various combinations with S, s and the 
m(W) complex showed that W acts as a dominant whenever the m(W) 
complex is present, and as a recessive when the type alleles of m(W) are 
present, regardless as to whether SS, Ss or ss are included. Intermediate 
concentrations of m(W) genes produce incomplete dominance of W. 

The relations of the spotting genes considered in this and the previous 
paper indicate that each mutant gene when acting alone has a very small 
quantitative effect on one part of a reaction system concerned with local 
failures of melanin production. 
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INTRODUCTION 


N WORK previously reported (BEADLE and EpHRUuSSI 1936) it was 

found that by transplanting an eye anlage (imaginal disk) from a 
larva of one genetic constitution to a larval host of another constitution, 
an implant may be obtained with an eye color which does not correspond 
to its own genetic constitution. Thus it was found that: 


(1) vermilion disk in wild type gives a wild type eye, 
(2) cinnabar disk in wild type gives a wild type eye, 

(3) vermilion disk in cinnabar gives a wild type eye, but 
(4) cinnabar disk in vermilion gives a cinnabar eye. 


From these results, it was postulated that two diffusible substances are 
involved in the development of wild type eye color, that a cinnabar fly is 
deficient in one of these (cn+ substance), and that a vermilion fly is defi- 
cient in both (cn+ and v+ substances). There is evidence for the existence 
of a third substance necessary for the development of wild type eye color 
(ca+ substance, so named because a genetically claret fly is deficient in 
this substance), but this substance need not concern us in the present 
paper. 

Other known eye colors in Drosophila melanogaster, with the exception 
of three that are difficult to work with and consequently give doubtful’ 
results (bordeaux, bright, and mahogany), show autonomous development 
in transplants to wild type hosts. For example, a genetically carmine eye 
disk grown in a wild type host develops an eye color indistinguishable from 
a carmine control implant obtained by transplanting a carmine eye disk 
to a carmine host. 

By growing vermilion and cinnabar eye disks in various eye color mutant 
hosts, it was found that in most cases the implants develop wild type eye 
color, indicating that the hosts were able to supply v+ and cn+ substances 
to the implants. However, vermilion and cinnabar eye disks grown in 
claret, carnation, carmine, garnet-2, peach, or ruby hosts develop a color 
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either like vermilion and cinnabar (these two eye colors are phenotypically 
alike) or intermediate between vermilion or cinnabar and wild type. This 
suggests that these hosts supply the implants with reduced amounts of 
the two substances. 

It is known from genetic studies that the combination of vermilion eye 
color with almost any other eye color results in a phenotype different from 
either of the simple eye colors. For example, vermilion is a bright red, 
garnet is a dark purplish pink, while the double recessive vermilion garnet 
is a light yellowish-red. This type of interaction would indicate that vt 
substance is involved in the production of these other eye colors; in the 
example chosen, that v+ substance is necessary for the development of 
garnet eye color and that the essential difference between garnet and ver- 
milion garnet is that a vermilion garnet eye normally develops in an en- 
vironment deficient in v+ substance. Following this interpretation, a ver- 
milion garnet eye disk grown in a wild type host, which can supply the im- 
plant with v+ substance, should develop garnet eye color. On the other hand, 
it is quite conceivable that the interaction between vermilion and garnet 
is less simple; the transplantation experiment should indicate the answer. 
The first section of this paper is concerned with transplants of eyes homo- 
zygous for vermilion and for one other recessive (vvxx)eye color gene to 
wild type hosts. 

That flies containing certain eye color mutant genes show a deficiency 
of v+ substance is indicated by the fact that when these are used as hosts 
to vermilion eyes the implant is not completely changed to the wild type. 
This deficiency of v+ substance might be characteristic of the entire fly 
in which case we might expect, judging from the genetic interaction with 
vermilion in the double recessives, a partial modification of such eyes by 
a wild type host. The absence of such a modification (EPHRUSSI and 
BEADLE 1936) suggests the possibility of localized deficiencies of v+ sub- 
stance. When the results of transplanting the double recessive with ver- 
milion (vvxx) to wild type are known, it should be possible to test whether 
vt substance is produced in a given mutant eye by transplanting it to a 
host unable to supply v+ substance. For example, a garnet-2 host does not 
modify a vermilion implant completely to wild type, but a vermilion gar- 
net-2 eye develops garnet-2 eye color when grown in a wild type host. By 
growing a garnet-2 eye in a vermilion host the garnet-2 eye color should 
develop provided the garnet-2 implant can itself produce sufficient v+ sub- 
stance; otherwise an eye with a color intermediate between vermilion 
garnet-2 and garnet-2 should develop. Tests of this kind are considered 
in the second section. Actually, since a vermilion host is deficient in cn+ 
substance as well as in v+ substance, these tests do not differentiate be- 
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tween production of v+ substance and the related cn*+ substance. Additional 
experiments involving the use of cinnabar hosts are necessary to do this. 

Supplementary tests, essentially similar in nature to those just outlined, 
are given in the third section. In these tests, eyes of the various color mu- 
tant types were grown in double recessives of vermilion and the mutants 
under test, that is, x disks in vermilion x hosts. According to the simple 
scheme of interaction of a given eye color with vermilion suggested above 
these tests should give identical results with those made by growing mu- 
tant x eyes in vermilion hosts; other types of interaction between x and 
vermilion might possibly lead to different results in this series of tests. 

A case has been reported (BEADLE and EpuHrussI 1936) of a difference 
in color of an eye implant dependent on the sex of the donor. Several addi- 
tional instances were encountered during the course of the experiments 
considered here. The fourth section has to do with experiments bearing 
on the interpretation of this difference. Since one of these cases involved 
the character sepia which normally shows a marked age-change in eye 
color, experiments were made to determine the possible influence of age- 
change in implanted sepia eyes. These are presented in section 5. 

The last section has to do with experiments in the development of eye 
color in genetically wild type eye disks grown in vermilion hosts which 
differed in age from the donors at the time the transplants were made. 


EXPERIMENTAL 

The technique of transplantation used in this work has been described 
(EpHRussI and BEADLE 1936). In addition to the mutants previously used 
and listed in an earlier paper (BEADLE and EpHrussI 1936), certain experi- 
ments involve a new eye color mutant, mahogany (mah). 


1. Implants of v x eye disks in wild type hosts 

Table 1 gives the results of implanting double recessive eye disks (v x) 
into wild type hosts. These data show that most of the implanted disks 
develop into eyes with pigmentation characteristic of the mutant x, for 
example, a v bw eye disk grown in a wild type host gives rise to a phenotypi- 
cally brown eye. Two cases show slight deviations from this general rule, 
v sf? and v ras.* Eyes from disks of these constitutions are slightly lighter 
than safranin-2 and raspberry-2 respectively. It should be emphasized 
that in these instances the resulting color was very close to that of the 
simple mutant, and it may be questioned whether the slight deviations 
observed are significant. 

3 In the case of v bo the implant develops into an eye definitely darker than vermilion bordeaux 


and as dark as bordeaux; but the distinction between bordeaux and wild type is difficult; it is 
possible that bo in wild type is not autonomous in pigment development. 
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2. Implants of x eye disks in v hosts 


Data concerning the implantation of mutant eye disks into v hosts are 
presented in table 2. It can be seen that bw, ca, car, cd, cm, cn, g’, lt, ma, 
p?, rb, and st disks develop eyes with pigmentation corresponding to their 
genotypic constitution. Eye disks from Hn’, pd, pn*, and pr larvae develop 


TABLE I 


Data on the differentiation of double recessive v x eye disks implanted into wild type hosts. In 
this and the following tables, under the heading “number of individuals,” are given the four sex combi- 
nations and the total in the order: female in female, female in male, male in female, male in male and 
total. 





NUMBER OF 





IMPLANT HOST INDIVIDUALS PHENOTYPE OF IMPLANT 

v bw + 424% bw 

v ca + 9, % % ES ca 

v car os 0, I, 3, 2;6 car 

vel + 0, 4, 2,137 cl 

vom + 4,0, 1,237 9 Q—cm; o& o'—possibly little darker. 

von + 5, 0, 2; 33 10 + (some implants little lighter). 

v g? - 2, 2, 3, 0; 7 8? 

v Hn + 4, 2, 4, 2312 Hn 

vit oh 4, 3, 3) 53.32 lt 

v ma + 6, I, 0, 0; 7 ma 

v p? = 6, 3, 2, 5; 16 p? 

v pd + 6, 1, 2, 2; 12 pd 

v pn? + i a pn? 

v pr + I, 3, O, 25 6 pr 

v ras* 0, 0, 3, 5;8 Slightly lighter than ras?; much darker than 
vras?. 

vrb a I, 2, 4, 3; 10 rb 

v se + 5) 4, 3, 33 15 se 

v sed a 2, 2, 3) 3; 20 sed 

v sf? aa 2, 4, 3, 1; 10 sf? (lighter ?) 

v w + * we 





* Data previously published (Beadle and Ephrussi 1936) and confirmed by more extensive 
experiments. 


pigmentation slightly lighter than that corresponding to their genetic 
constitutions while disks from bo, cl, mah, ras*, se, sed, and sf* larvae de- 
velop pigmentation definitely lighter than that characteristic of their con- 
trols. Here again it should be pointed out that in none of these last cases 
is the modification strong enough to result in a color close to that of the 
double recessive. A sex difference appears in the cases of bo, cl, Hn", mah 
pn’, pr, ras*, se, sed, and sf. In all ten cases the difference is in the same 
direction; disks from male donors give eyes lighter in color than those 
from females, that is, show a clearer deviation from the pigmentation of 
the single mutant controls. 
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3. Implants of x eyes in v x hosts 
Data resulting from implants of mutants (x) disks into double recessive 
(v x) hosts are given in table 3. These experiments give results similar to 
those of the x into » series in so far as development of pigmentation cor- 
responding to the genotype of the implant is concerned. Here again bw, ca, 


TABLE 2 


Data on the differentiation of mutant eye disks implanted in v hosts; arrangement as in table r. 














NUMBER OF 
IMPLANT HOST INDIVIDUALS PHENOTYPE OF IMPLANT 
bo v 2, I, 5; 2; 10 Lighter than bo; of lighter than 9 9. 
bw v 2, 2, 2, 2;8 bw 
ca v .6.¢ 3 ca 
car v 2,0,5,°;7 car 
cd v . cd 
cl v 0, 1, 1, 6;8 Lighter than cl; of lighter than 9 9. 
cm v 2, 0, 0, 0; 2 cm 
cn v . cn 
g? v 6. 't, 2, a3. 2 g? 
Hn v 4 & 3,059 Very little lighter than Hn‘; o'o lighter than 
9 2; both darker than v Hn". 
lt v 1,1,1,437 lt 
ma v 1, & 85233 ma (little lighter?) 
mah v zr, 5,0, I 8 Lighter than mah, darker than v; o’o lighter 
than 9 9 
p? v 4,1,1,1;7 pP 
pd v 5,0, 4, 2; 11 Probably slightly lighter than pd; Much darker 
than v pd. 
pn? v S, 2, 3; 359 92 possibly, o'c’ clearly lighter than pn?; 
both darker than o pn?. 
pr v 2, 3, 1, 2;8 Slightly lighter than pr; darker than v pr; 7? oa 
lighter than 9 9. 
ras? v z,0, 3,03 Lighter than ras?; much darker than » ras*; 
oo lighter than 9 Q. 
rb v 5, & 2,4; 12 rb 
se v 2, 1, 2, $338 oo" Intermediate between se and v se, 9 9 se. 
sed v 2,0, 2,135 Lighter than sed; darker than v sed; o' @ lighter 
than 9 9. 
sf? v I, 0, 2,033 Lighter than sf?; o'o' lighter than 9 9. 
st v a st 





* Data previously published (Beadle and Ephrussi 1936). 


car, cm, cn, g”, ma, p”, and rb disks are apparently unaffected by the trans- 
plantation, while cl, Hn’, pn’, ras”, se, sed, sf? and possibly pd and pr disks 
give eyes which deviate slightly in color from the single mutant controls 
in the direction of the double recessive. The only exception to this parallel 
is /t, which in this series (Jt in v /¢) is slightly] lighter than the control (/¢ in I) 
while in the previous experiment (/t in v) such a difference was not recorded. 
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A difference between implants originating from male and female donors 
was recorded in the cases of cl, lt, pn”, ras, and sf*. In all of these the im- 
plants from male donors were lighter than those from female donors. 


4. Sex difference 


The existence of a sex difference in sepia implants g ‘owing in vermilion 
hosts has been pointed out previously (BEADLE and EpHRusSI 1936) but 
only a few experiments on the implantation of mutant eyes in v hosts had 


TABLE 3 


Data on the differentiation of mitant eye disks implanted into double recessive v x hosts; arrangement 
as in previous tables. 





IMPLANT 


HOST 


NUMBER OF 


PHENOTYPE OF IMPLANT 





INDIVIDUALS 

bw v bw ‘, 2,6, @c ae bw 

ca v ca 4, 2;$, 55 83 ca 

car v car I, 1,0,0;2 car 

cl vel 23.3: 98 9 @ little, oo much lighter than cl; both 
darker than v cl. 

cm vom 2, 2, 2, 4; 10 cm 

cn von 0,0, 1,0;1 cn 

r v g? 2,1, 2,237 r 

Hn v Hn 0, 6, 1, 133 Lighter than Hn’; darker than » Hn’. 

lt vit 3, O 2,638 9 9 lt; Ao lighter than /Z. 

ma v ma &, 3, 5, 03 ma 

p” v pP 6, 2, 5, 3; 16 4 

pd v pd S> 2, 4, 2; 33 pd (slightly lighter?) 

pn? v pn? , 9, 3,379 2 2 close to pn?; oo lighter, but darker than 
v pn. 

pr v pr S$, 3. 3, 95 08 pr (slightly lighter?) 

ras? v ras? 4) 4, 4, 2314 9 Q very close to ras?; oo little lighter. 

rb vrb S, 2,4, 3.22 rb 

se vse I, 0, 2, 336 Slightly lighter than se; darker than v se. 

sed v sed ©, 0; I, 232 Lighter than sed 

sf? v sf? 2, 2,0, 2;6 Lighter than sf?; oo lighter than 9 9 ; darker 


than v sf?. 





been made at that time. The more extensive data presented here show sev- 
eral cases of the same kind. 

It was suggested that the result of the implantation of se into v, that is, 
the development of pigmentation intermediate between sepia and ver- 
milion sepia, might be due to a lowered rate of formation of v+ substance in 
the se eye, which under normal conditions receives a part of the v+ substance 
used from other parts of the body. (In the particular case of se there is un- 
published evidence that the formation of v+ rather than of cn+ substance 
goes at a reduced rate in the eye since a se eye disk grown in a cn host gives 


an eye with straight sepia pigmentation.) According to this interpretation, 






| 
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| 
| 
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the observed sex difference might be accounted for by the known fact that 
the development of male larvae is somewhat slower than that of female 
larvae. It might be supposed that disks. from male larvae had received 
less v+ substance from other parts of the body at the time of transplanta- 
tion than had disks from female larvae. 

If this interpretation is correct, the transplantation of se disks to v hosts 
at earlier stages of development, should lead to the formation of eyes still 
closer to the double recessive vermilion sepia and, possibly, to the disap- 
pearance of the sex differences. The results of an experiment of this type 


TABLE 4 


Data on implantation of se eye disks into v hosts at various ages; arrangement under heading “Number 
of individuals” same as in previous tables. 








AGE OF IMPLANT AGE OF HOST 
NUMBER OF 
AFTER EGG LAYING AFTER EGG LAYING PHENOTYPE OF IMPLANT 
(wours)* (nouRs) INDIVIDUALS 
112 to 115 Close to puparium 4, 0, 0, 236 Lighter than se 
(control) formation 
884 to 91 88} to gr 6, 3,0).%59 Very close to control 
77 to 794 77 to 794 1T, 0, 0,0, 1 Very close to control 





* Puparium formation occurs later in se than in wild type. 
t Dissected as pupa. 


are given in table 4. Transplants made at about go and 78 hours after egg- 
laying (approximately 30 to 40 hours before pupation) led to the same 
result as those made shortly before pupation. In all cases the pigmenta- 
tion was intermediate between sepia and veimilion sepia; the implants 
made earlier in development showed no appreciable difference from those 
made later. 

The period of time during which se disks remain in their normal environ- 
ment before pupation therefore seems to be of no appreciable significance. 
The difference between se and se+ implants in v seems to be in the rate of 
production of v+ substance by the eye itself. This interpretation is consist- 
ent with the results of direct tests which indicate that v+ substance is not 
produced before pupation (BEADLE, CLANCY and Epuruss! in press). In 
the case of se the observed sex difference therefore cannot be accounted for 
by differences in the time during which eyes of the two types receive v+ 
substance from the body. Another explanation is necessary. It is possible 
that the total amount of v+ substance produced by an eye is different in 
the two sexes, less in the male than in the female. This assumption would 
account for the observed results. Such a difference in rate of production 
of v+ substance in the two sexes would not necessarily lead to a sex differ- 
ence in normal flies because, under these conditions, the body serves as a 
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supplementary source of v+ substance. It should be pointed out that in 
none of the eye color mutants in which this sex difference was recorded 
does there appear to be a deficiency of v+ substance in the body. This was 
shown by experiments in which »v eye disks were grown in various eye color 
mutant hosts (BEADLE and EPHRUSSI 1936). 


5. Age-change in sepia 


In connection with the experiments on se implants just referred to, it 
seemed desirable to make another series of experiments bearing on the 
question of age-change in eye transplants. It is known that several eye 


TABLE 5 


Data on the age change in se implants grown in se hosts; arrangement under heading “Number of 
individuals” same as in previous tables. 





DISSECTED 





EXPERIMENT NUMBER OF INDIVIDUALS (Days AFTER PHENOTYPE OF IMPLANT 
HATCHING) 
a §*;. $50) 6; 20 otor Gradual darkening 
b 2”, §°; 0) 057 3 from a to c, and 
c 5*, 5*, 0,0; 10 } 5 slightly or no change 
d a*, 2°, 0,034 8 from c to d. 





* Sex of donors not determined. 


colors, including sepia, normally show a marked age-change. In sepia, 
freshly hatched flies have eyes of a yellowish color; within a few days the 
eyes become progressively darker. Experiments made to determine whether 
or not a similar change occurs in implanted sepia eyes and whether this 
is related to the sex difference considered above were made by implanting 
se eye disks in se hosts at successive intervals of several days. The im- 
planted eyes were examined at the same time. The results of these experi- 
ments are given in table 5. All implants taken from flies less than 24 hours 
old appeared to be quite uniform in color. Eyes examined at o-1, 3, 5, 
and 8 days after hatching show a series of gradually darker colors up to 
the fifth day. Little or no difference was observed between eyes which 
remained in the adult flies 5 and 8 days. It is clear that an age-change simi- 
lar to that observed in normal sepia eyes takes place in implanted sepia 
eyes. From the characteristics of the age-change observed in sepia, time 
and intensity of color-change, there seems to be no clear relation between 
this age-change and the sex difference discussed above. 


6. Data on transplants of young wild type eye disks 
to older v hosts 
It has been shown (BEADLE and Epuruss! 1936) that wild type eye 
disks can develop into eyes with pigmentation close to that of vermilion 
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if young wild type disks are transplanted in older v hosts. In the two ex- 
periments published previously, one did not have satisfactory controls; in 
the other, an eye color intermediate between vermilion and wild type was 
observed. In neither experiment was the age difference accurately known. 
Another series of experiments was made in order to determine more ac- 
curately the results of known age differences. It was believed that if the 
implants were taken early enough the resulting pigmentation of the im- 
plants would be identical with that of vermilion. Table 6 gives the results 


TABLE 6 


Data on the differentiation of wild type eye disks from young larvae implanted into older »v larvae. 
Arrangement under heading “Number of individuals” same as in previous tables. 











IMPLANT HOST 
= ER OF PHENOTYPE OF 
CONSTITU- AGE AFTER CONSTITU- AGE AFTER DIFFERENCE pce IMPLANT 
TION HATCHING TION HATCHING (HouRs) 
(HouRs) (HOURS) 
v 45% to 47 v 70 to 72} 23} to 263 2,* 1,*0,0;3 v 
aa 45% to 473 v 70% to 732 «=. 233. to 263 «2, 3, 2,0; 7 Intermed. be- 
tween + and v 
Approx. 24 v Close to 17 to 21} 9,1, 1,1; 12 Lighter than + 
hrs. before pupation 
pupation 
v Approx. 24 D Close to 17to21} =2,* 0,0, 0;2 v 
hrs. before pupation 
pupation 
he Approx. 24 v Close to 27 to 304 +=, 1, 3, 13 6 Intermed. be- 
hrs. before pupation tween + and v 
pupation 
+ Approx. 24 oS Close to 27 to 304 + 4,%0,0,0;4 + 
hrs. before pupation 
pupation 
v Approx. 24 v Close to 27to 30% 2,*4,*0,0;6 v 
hrs. before pupation 
pupation 





* Sex of donors not determined. 


of these experiments. It can be seen that age differences of 17-21}, 23}- 
263 and 27-303 hours (the host being close to pupation) were tried. In all 
three cases the implants were lighter than wild type controls and in the 
last two cases clearly intermediate between vermilion and wild type. 
Whether or not transplantation at still earlier stages would lead to pig- 
mentation identical with that of vermilion remains unknown. 


DISCUSSION 

As stated in the introduction, it seemed probable that v+ substance is 
necessary for the formation of the various mutant eye colors. The experi- 
ments involving implantations of different double recessives into wild 
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type hosts show that by supplying v+ substance to such disks, a change to 
not-vermilion pigmentation is brought about. They therefore confirm the 
conclusion that could be drawn from purely genetic data. Two cases were 
observed in which the v x implants developed into eyes with pigmentation 
slightly lighter than the x controls. The observed differences however were 
too small in these cases to justify a conclusion without further investiga- 
tion. It is clear that all the eye colors tested in combination with vermilion 
do show autonomous development and that, in all cases, the »v component 
shows a modification by the host. Under the conditions of these experi- 
ments there is no evidence that the interaction between v and z is different 
from that between v and x*. 

The experiments on implantation of mutant eye disks into v hosts show 
that in a series of cases (bw, ca, car, cd, cm, cn, g*, lt, ma, p?, rb and st) the 
pigmentation of the implant is unaffected by a deficiency of v+ and cnt 
substances in the host. Since the necessity of one of these substances (vt 
substance) has been demonstrated, it must be concluded that the v+ sub- 
stance, and presumably cn+ substance, is formed in these cases by the eye 
itself. On the other hand, in all cases where the pigmentation of the implant 
is modified by transplantation to v hosts (bo, cl, Hn", mah, pd, pn’, pr, 
ras*, se, sed and sf?) we must conclude that the amount of at least one of 
the substances (v+ or cn+ substance or both) produced by the eye is less 
than that used by the eye in its normal position. That it is not completely 
blocked is demonstrated by the fact that the pigmentation is never as 
light as that of the double recessive v x. Transplants to cn hosts must be 
made in order to determine which of the two substances is involved. It 
is pointed out elsewhere (EpHRUSsI and BEADLE in press) that none of 
these mutant eyes, when transplanted to w* v hosts, releases a detectable 
quantity of v+ substance. 

The third series of experiments (x in v x) gave essentially the same re- 
sults. The only exception is /t (see above). From these two series of experi- 
ments, x in v as compared with x in v x, it appears that v x behaves like v 
with regard to its influence as a host on an x implant. In terms of deficien- 
cies of diffusible substances alone, this is the expected result. 

In cases in which mutant eye disks grown in » or v x hosts fail to show 
complete autonomy in development of eye color, the eye colors concerned 
appear to have in common the properties of being relatively dark and of 
showing a relatively strong age-change. 
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SUMMARY 


(1) Double recessive v x eye disks, implanted in wild type hosts, develop 
pigmentation like that of the mutant x. 

(2) Eye disks from bw, ca, car, cd, cm, cn, g*, lt, ma, p?, rb, and st flies 
are unaffected by implantation in v hosts. Disks from bo, cl, Hn’, mah, pd, 
pn’, pr, ras*, se, sed and sf? flies, implanted into v hosts develop pigmenta- 
tion more or less intermediate between that corresponding to their geno- 
type and that of the corresponding double recessive with v. In certain cases 
eye disks from male donors differ in color, when grown in v hosts, from 
genetically similar eye disks from female donors. 

(3) Implantation of mutant eye disks (x) into double recessive v x hosts, 
gives results similar to those stated under (2). 

(4) Implants of se disks grown in se hosts show an age-change similar to 
that occurring in sepia eyes in situ. 

(5) The results of a series of experiments in which wild type eye disks 
were transplanted to older v hosts are given. 
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INTRODUCTION 


N EXPERIMENTS reported in a series of papers by the authors an 
I attempt has been made to attack various problems concerned with eye 
color development in Drosophila melanogaster by the use of the technique 
of transplantation. These experiments have led to the elaboration of a 
scheme bearing on one phase of the general problem of the relation of genes 
to eye color development. 

Evidence has been presented (BEADLE and EpHRussI 1936) indicating 
that at least three specific diffusible substances are involved in the devel- 
opment of wild type eye color. These are named and defined as follows: 

(1) ca+ substance—a substance necessary for the formation of a wild 
type eye and which cannot be supplied (or is supplied in relatively small 
quantities) by a claret host. 

(2) v+ substance—a substance capable of modifying a genetically ver- 
milion eye in such a way that it develops a color like that of wild type. 

(3) cn+ substance—a substance capable of modifying a genetically cin- 
nabar eye in such a way that it develops a color like that of wild type. 

It has been assumed that these three substances are related in their for- 
mation as steps in a chain of reactions. This can be illustrated in the fol- 
lowing way: 

—ca* substance—v+ substance—cn+ substance 

It is the purpose of the present paper to bring together in one place, 
and to attempt to evaluate, the evidence bearing on: 

1. The existence of three different diffusible substances. 

2. The relation of these three substances to one another. 

3- The relation of various eye color mutants to these substances. 


EVIDENCE FOR THREE SUBSTANCES 


In planning further experiments it is desirable to know whether we are 
dealing with three separate diffusible substances, or whether there is only 
a single substance concerned (or one instead of any two of those postu- 
lated) which has different effects when acting under different conditions, 
at different times, in different concentrations, or in some combination of 
these. 
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In dealing with questions concerning amounts of a given diffusible sub- 
stance, a general qualification with regard to terminology will simplify 
the presentation of evidence. In previous papers the terms “absence” and 
“lack” have been used more or less loosely. From the nature of the tests 
used for such diffusible substances, it is obvious that “absence” can mean 
only a quantity as small as or smaller than that produced by the test 
mutants. Thus a claret fly has the smallest quantity of cat+ substance at 
present known; such a fly may literally lack this substance or it may merely 
have a reduced quantity as compared with a wild type fly. The expression 
“deficiency of substance” is used in this paper in its literal sense to desig- 
nate reduced quantity or complete absence. 

In presenting the reasons for assuming three substances, we shall first 
consider the arguments indicating that ca+ substance is different in kind 
from the other two. 

1. A wild type eye disk grown in a claret (ca) host gives an eye pheno- 
typically like claret, but the same eye disk grown in a vermilion (v) host 
gives a wild type eye. This shows that a ca fly is deficient in something 
which is present in a v host, and, since a 2 fly is deficient in v+ and cn*+ sub- 
stances, it is argued that a ca host is deficient in a third diffusible sub- 
stance. It is possible that the difference between ca and 2 flies, as hosts to 
a wild type eye implant, might be explained by assuming differences in 
time of action of either v+ or cn*+ substance in ca and v hosts, but the 
authors see no simple way of doing this. The difference cannot be explained 
by assuming that the distinction between a ca and a 2 fly is that a ca fly 
has less of the same substance known to be deficient in a v fly as compared 
with a wild type fly, since it is known that a ca host is capable of modify- 
ing a v implant in the direction of wild type (EpHRuUss: and BEADLE, in 
press) ; if the ca host had less of a substance already deficient in v, this modi- 
fication obviously would not be possible. 

2. Since a wild type eye disk grown in a ca host does not give rise to a 
wild type eye, while the same eye disk grown in a v host does give rise to a 
wild type eye, we assume that a wild type eye can itself produce one sub- 
stance (v+ substance) but not the other (ca+ substance). 

3. It has been shown that v+ substance is not present in a wild type fly 
in detectable quantities until after puparium formation (EPHRUSSI, 
Ciancy and BEADLE 1936). On the other hand, it has been found that 
ca* substance acts (or at least is taken up by an eye), and therefore must 
be produced in a wild type fly, before the time of puparium formation 
(Epurussi and BEADLE, in press). 

These arguments, considered in relation to one another, offer strong sup- 
port to the view that ca+ substance is qualitatively different from the other 
two. 
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Turning to the remaining two postulated substances, the evidence that 
they are qualitatively different is summarized in the following paragraphs. 
This evidence would be more nearly complete if it were known. when cn+ 
substance appears in effective concentrations in a wild type fly, but experi- 
ments designed to answer this question have not yet been made. 

1. The evidence on which the assumption of the two substances, v* 
and cn+ substances, was originally based, comes from reciprocal trans- 
plants involving v and cn. Using a shorthand method of designating trans- 
plants, it has been shown that: 

a. vin + gives a wild type eye. 

b. cn in + gives a wild type. 

c. v in cn gives a wild type eye. 

d. cn in v gives a cinnabar eye. 

It is difficult to imagine how a wild type eye can be obtained by growing a 
v disk, known to be deficient for something present in a wild type fly (from 
a), ina cn host (c), also known to be deficient for something present in a 
wild type fly (from b), on the assumption that both »v and cn flies are defi- 
cient for one and only one substance. It is perhaps possible to elaborate a 
formal scheme that would give this result, but such a scheme would involve 
assumptions at least as elaborate as the simple assumption of two sub- 
stances. 

2. The second argument is based on the impossibility (or at least the 
difficulty) of accounting for the results of transplantation experiments 
involving v and cm on the assumption of a single substance, say substance 
x, acting in different amounts or at different times. Considering, first, the 
possibility of a difference in sensitivity of v and cn eyes to a given amount 
of substance x, we know (BEADLE and EpuHrussI 1936) that: 

v in car gives an eye intermediate between vermilion and wild type, 
cn in car gives an eye intermediate between cinnabar and wild type. 
An essentially similar result was obtained from v and cn in g’ transplants. 
From these results no indication is seen of differences in sensitivity of the 
two types of implants to a limited amount of substance x. On the other 

hand, we know (BEADLE and EpurussI, in press) that: 

v in bri (bright eye color) gives a wild type eye, 

cn in bri gives an eye intermediate between cinnabar and wild type 
that: 

v in mah (mahogany eye color) gives a wild type eye, 

cn in mah gives an eye intermediate between cinnabar and wild type, 
and that: 

v in cn gives a wild type eye, 

cn in cn gives a cinnabar eye. 

These results show that v and cm eyes are different in sensitivity to given 


’ 
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amounts of the assumed substance x, a conclusion contradictory, on any 
simple assumption, to that indicated above. 

Considering biological measurements of the amounts of the assumed 
substance x produced by two different mutant hosts, it is known (table 
2 and above) that: 

v in p? gives an eye close to vermilion, 

v in cn gives a wild type eye, 
from which it must be concluded that the amount of substance supplied 
to the v implant by a cn host is greater than that supplied by a p” host. But 
from results in table 2, we see that: 

w* cn in p” gives an apricot (light) eye, 

w* cn in cn gives an apricot cinnabar eye, 
and a conclusion contradictory to the one just drawn is indicated, namely, 
that the amount of substance x supplied to an w* cn implant by a cn host 
is Jess than that supplied by a p? host. 

3. The third argument is based on the release of substance by implants 
of various types (measured by effects on the eyes of the host). Summariz- 
ing pertinent results of such tests (EpHRUSSI and BEADLE, in press), it is 
seen that: 

a. + in w* cn modifies the host’s eyes toward apricot, 

+ in w* v does not modify the host’s eyes, 


from which we conclude that a wild type implant releases one substance 
(cn+ substance) but not the other (vt substance); 

b. cn in w* cn does not modify the host’s eyes, 

cn in w* v modifies the host’s eyes toward apricot, 

indicating that a cn implant releases v+ substance but not cu*+ substance; 

c. st in w* cn modifies the host’s eyes toward apricot, 

st in w* v modifies the host’s eyes toward apricot, 

from which it is clear that a st implant releases both v+ and cn+ substances. 

These experiments on release of the two substances by an implant have 
been made in another way. Two implants, one to supply the substance 
and one to deteci i‘, were grown in hosts unable to supply either substance 
(v or v cn). The results are summarized in table 1. It is seen that a wild 
type implant does not modify a w* v implant when both are grown, usually 
in close proximity or in actual contact, in either a v or in a v cn host. That 
modification of one implant by another is possible is shown by growing 
cn and w* v implant in v cn host; the w* v implant develops an apricot 
phenotype. On the other hand, there appears to be no modification of a 
w* cn implant by a wild type implant grown in the same host (9 or v cn). 
No explanation is offered for the failure of a wild type implant to modify 
a w* cn eye under these conditions, but this negative result, although it 
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does indicate the operation of an unknown factor, does not invalidate the 
argument based on release of substances. 

Although no one of the above arguments in favor of the assumption of 
three specific diffusible substances, taken individually, is irrefutable, taken 
collectively they provide a convincing demonstration of the pragmatic 
value, if not of the correctness, of the assumption. 


RELATION OF THE THREE SUBSTANCES TO ONE ANOTHER 


In bringing together the evidence indicating that the three substances 
are related as successive steps in a chain of reactions, it is convenient first 


TABLE I 


Influence of one implant on another in double eye disk transplants. In all cases the two implants 
grown in a given host were from donors of the same sex. In this and table 2, under column heading 
“number of individuals,” sex combinations of donor and recipient are listed in the order female in 
female, female in male, male in female, male in male, and total. 











IMPLANTS 
HOST NUMBER OF PHENOTYPE OF 

SOURCE OF TEST INDIVIDUALS TEST EYE 
SUBSTANCE EYE 

° wt v ven 2, 1, 0,033 wv 

+ wy von i, t,t, S58 we v 

+ wv v 5, 0, 3,0;8 w* v 

cn w* v von $2, 308 w* (light?) 

+ w* cn von I, 0, 4, OF § w* cn 

on w* cn v 2,1, 2,136 w* cn 





to consider the arguments in favor of assuming cat substance to be in the 
indicated position in such a chain. 

The primary reason for assuming cat substance to be produced before 
vt and cn* substance in the postulated linear series is the fact that a ca 
fly can be shown to have less of both v+ and cn+ substances than has a 
wild type fly. Apparently ca+ substance is present in full concentration 
in both cn and 2 flies in spite of the fact that such flies are characterized 
by deficiencies of cn+ substance or both cn*+ and vt substances. Therefore, 
if the three substances are formed in a linear series of reactions (or its 
equivalent in terms of the three substances only), ca+ substance must be 
formed first; otherwise v or cn or both v and cn flies should be deficient in 
ca+ substance. The alternative to the assumption that ca+ substance is 
formed in the same series with the other two is that it is formed by in- 
dependent reactions. On this assumption, the reduced quantities of v+ and 
cn*+ substances characteristic of a ca fly must be ascribed to coincidence, 
that is, the ca gene must be concerned with two independent systems of 
reactions. This alternative assumption is not excluded by the available 
evidence, but it appears to be less probable. 
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As mentioned above, ca+ substance must be assumed to reach effective 
concentration in a wild type fly before puparium formation, while v+ sub- 
stance reaches an effective concentration only after puparium formation. 
It should be pointed out that, although this is consistent with the scheme, 
no particular relation need be assumed between order of formation of these 
substances and order of reaching effective concentrations. 

One may ask how, if ca+ substance is formed before and in sequence with 
vt and cn+ substances, a ca fly, said to be deficient in ca+ substance, can 
form v+ and cn* substances even in limited quantities? As pointed out 
above, we have, at present, no way of distinguishing between literal ab- 


TABLE 2 


Results of tests of eye color mutants, used as hosts, for effects on v, w* v, and w* cn implants. 








IMPLANT noer NUMBER OF PHENOTYPE OF 
INDIVIDUALS IMPLANT 

v cm 2,-3.9) 3 Close to v but darker 

v g? 2, 1, 2,035 Intermediate between v and + 

v p . O,'2, a8 Close to z but slightly darker 

54 rb 3) 15. 3: 839 Close to + but lighter 

wt v cm 2, 2, 4, 2; 10 w* (lighter?) 

wv g? t+ aus wt 

uv pP I, 2,.3) 03.6 Close to w* but lighter 

wt v rb I, 0, 4, 1; 6 w* (lighter?) 

w* cn cn z, 0,0, 533 w* cn 

w* cn pP I, 2, 1, 2; 6 Close to w* but lighter 

w cn rb 4,0, 2,137 we 








sence and presence in reduced amount. We can say only that a ca fly has 
less cat+ substance than has a wild type fly. Hence the only consequence 
that must be met following the assumption that ca+ substance is prerequi- 
site to the formation of v+ and cn+ substances is that these two substances 
be produced at reduced rates in a ca as compared with a wild type fly; the 
evidence is quite in accord with this interpretation. 

Certain evidence in favor of the assumption of a sequential relation in 
formation between v+ and cn+ substance has already been considered 
(BEADLE and EpuHrussI 1936). A v implant (a 2 fly is deficient in cn* sub- 
stance) when grown in a cn host (deficient in cn+ substance) gives a wild 
type eye, presumably because a v eye is capable of making cn* substance 
once it is supplied with the necessary v+ substance. Other instances of 
essentially the same kind have been described. 

Carrying the analysis of v in cm transplants one step further, it might be 
expected that, if the v implant in the above produces cn*+ substance in the 
presence of v+ substance, a quantity of cn+ substance would be released. 
A wild type implant, it will be recalled, releases cn+ substance. If released 
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in sufficient quantity, we might expect the eyes of the cn host to be modi- 
fied toward wild type. Since the indications are that a cn eye requires a 
relatively large amount of cn* substance to influence its appearance ap- 
preciably, a test for the release of cn+ substance by a v implant was made 
by growing v implants in w* cn hosts (EpHRuUsSI and BEADLE, in press). 
The result was an implant phenotypically like wild type and a relatively 
strong modification of the eyes of the w* cn host toward apricot (w*). The 
interpretation of this result is as follows. The w* cn host supplies the v 
implant with v+ substance. In the presence of this the implant is able to 
make cn+ substance, and consequently develops wild type eye color. An 
excess of cn+ substance is formed which is released from the implant, 
moves to the eyes of the host, and there results in a modification of the 
color toward apricot, that is, in the direction of cn*. A similar mutual modi- 
fication is observed in w* v in w* cn transplants; the same interpretation 
is offered. 

If the assumption of sequential formation of v+ and cn+ substances, in 
the order given, is correct, then there should be a quantitative difference 
in the magnitude of such mutual influences of implant and host depending 
on whether the substance first in the sequence (v+ substance) is formed by 
the host or by the implant. Thus in the transplant w* v in w* cn, v+ sub- 
stance should be supplied to the implant in relatively large quantities since 
it is formed in excess in the two eyes and presumably in other parts of the 
body, while in the reciprocal transplant, w* cn in w* v, v+ substance should 
be produced in a smaller amount since the single implanted eye is the 
only source. Hence, the mutual modification in w* v in w* cn transplants 
should be strong as compared with that shown by w* cn in w* v transplants. 
Actually, this was found to be the case. 

An even more striking demonstration of this quantitative difference 
in mutual modifications, depending on the source of v+ substance, is seen 
in the two transplants v in w* cn and cn in w* v. The effect should be 
stronger in the first of these since the host supplies v+ substance while in 
the second, v+ substance originates in the implant. Actually, in the first, 
the implant is modified completely to wild type (first effect) and the eyes 
of the host show a strong modification (second effect). In the second, on 
the other hand, the eyes of the host show a strong modification (first effect) 
but the implant is not detectably modified (second effect). 

The above evidence offers strong support not only for the assumption 
that v+ and cn+ substances are sequentially related, but as well for the as- 
sumption that v+ substance is necessary for the formation of cn+ substance, 
that is, that the order is as indicated. 

Summarizing the evidence for the postulated relation to one another of 
cat, vt, and cn* substances, it is clear that the evidence indicating a rela- 
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tion of ca*+ substance to the other two is relatively weak as compared to 
that showing a relation of v+ and cn+ substances to each other. 


RELATION OF VARIOUS EYE COLORS TO THE THREE SUBSTANCES 


In studying various eye colors by means of transplantation, it has be- 
come increasingly evident that a large number of genes must be concerned, 
in various more or less direct ways, with the production of the cat, v+, and 
cn* substances. It is the purpose of this section to bring together this evi- 
dence. 

Because of difficulties inherent in the standard terminology of genetics 
there is danger, in such an attempt, of implying more than is intended. 
For example, the substitution in a fly of cn for cn+ alleles is accompanied 
by a reduction in the amount (possibly to the point of complete absence) 
of cn* substance. From this fact it is inferred that the gene cn+ is in some 
way concerned with the reactions leading to the formation of cn+ sub- 
stance. In this particular case, very little is known as to how the cn*+ gene 
is concerned with the production of this substance. It is conceivable that 
immediate products elaborated by the cn+ gene are necessary for the direct 
formation of cn+ substance. On the other hand, there may be a great many 
reactions separating the cn+ gene from cn+ substance, some more, others 
less, direct. Assuming the latter to be nearer to the truth, it seems probable 
that cn* substance is more closely related to the cn+ character than it is 
to the cn* gene. 

In saying that the cn+ gene is concerned with the production of cn* 
substance, we assume, since a cn fly appears to be essentially normal in all 
respects except eye color, that the relation is more or less direct. We are 
aware that in another sense the majority of genes, in being essential to 
the life of a fly, are “concerned with the production of cn+ substance.” 
Put on this basis, however, any discussion of the relation of specific genes 
to specific characters loses a large part of its significance. 

Another problem arises in connection with the réle of various alleles 
of a gene. For example, is the cn allele concerned with the production of 
cn+ substance in a purely negative sense by failing entirely to do something 
essential for the formation of cn+ substance, does it play the same rdéle 
as the cn* allele in a less effective way, or is its réle essentially different 
from that of the cn+ gene? There is also the possibility that the cn* allele 
is concerned with the production of cu+ substance in a negative way while 
the cn allele is concerned in an active way, say in bringing about destruc- 
tion of cn* substance. 

For the sake of simplicity, the following discussion is made in a cate- 
gorical way. It presents one possible interpretation; in considering it, the 
above reservations should be kept in mind. 
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The steps in the postulated chain of reactions leading to the formation 
of the three diffusible substances are as follows: 


—cat substance—vt substance—cn+ substance 
(1) (2) (3) 
Step 1 


No evidence is available indicating that any gene other than ca* is con- 
cerned with this step. It should be pointed out, however, that negative 
evidence carries little weight in this connection. First, the experiments are 
not exhaustive, and second, a given mutation, say x+—>x, may result in 
no modification of a given reaction, but this cannot be taken as evidence 
that another mutation of this gene, say x+—>2’, will likewise result in no 
modification of the given reaction. 


Step 2 


The gene v+ presumably is concerned with the production of v+ and cn+ 
substance since the mutation v+—v results in a deficiency of both these 
substances. 

A Bar-eyed (B) fly is characterized by a reduced quantity (or absence) 
of y+ substance (and presumably cn+ substance) in the eye but not in other 
parts of the body (BEADLE and Epnruss!I 1936). This is particularly inter- 
esting in view of the discovery by MULLER, PROKOFJEVA and KossIkov 
(1936) and by BripGEs (1936) that the Bar character is the result of a 
small duplication. 

Transplants of eye disks from flies homozygous for various eye color 
mutant genes to v hosts, show by the absence of complete autonomy in 
eye color development (EpHRussI and BEADLE, 1937), that a number of 
eye color genes are concerned with the production of either + or cn+ sub- 
stances, or both, in the eye. Since 2 is deficient in both substances, the test 
does not distinguish between steps 2 and 3. These genes include the normal 
alleles of bo, cl, Hn, mah, pn, pr, ras, se, sed, and sf and possibly certain 
others. It is interesting that flies homozygous for the mutant alleles of these 
genes, used as hosts to v and to cn eye disks, show no indications of having 
reduced quantities of v+ or cn+ substances in other parts of the body. 

As indicated by the failure of flies carrying mutant alleles, when used as 
hosts to v and to cn eye disks, to effect a complete modification of the im- 
plant to wild type, it is concluded that the normal alleles of the genes car, 
cm, g, p, and rb are concerned with the production of v+ and cn*+ substances 
in the body; there is no evidence that the mutant alleles of these five genes 
reduce the amount of v+ or cn+ substances produced in the eye (EPHRUSSI 
and BEADLE, in press). In connection with cm, p?, and rb, recent experi- 
ments (table 2) have shown that, contrary to the data presented earlier 
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(BEADLE and EpuHrussI 1936), flies homozygous for these mutant genes, 
when used as hosts to v implants, do effect a partial modification of the 
implant in the direction of wild type. 


Step 3 


It is evident from facts already discussed in this paper that the gene 
cn+ must be assumed to be concerned with the production of cn+ substance 
(step 3). The normal alleles of the genes bri and mah evidently are con- 
cerned in this step since cm implants are only partially modified by bri 


cnt substance 
_- bri 
ee “mah 
#--—---—“=—--- CA 
Xx 
‘\ 
‘. bo 
‘ cl 
- i ‘ es 
v* substance —_or---4 BP p eye 
Pg ras 
/ sed 
rd sf 
ee 
bias cm | bod 
<i 
~ B eye 
ca’ substance 
<«-------- ca 


FicurE 1.—Diagram indicating assumed relations of various genes to the three diffusible sub- 
stances. Dotted lines indicate the step assumed to be interfered with in the various mutant types, 
in body, eye, or both. The particular alleles indicated in diagram are not necessarily the ones 
used in the experiments. 


and mah hosts while v implants are completely modified to wild type by 
such hosts. As stated above, there is evidence that the gene mah is con- 
cerned with the production of either v+ or cn+ substance in the eye. Since 
it is known to be concerned with step 3 in the body, it is presumably con- 
cerned with the same step in the eye. 

A schematic representation of the relation of the various mutants men- 
tioned above to the three postulated substances is given in figure 1. Al- 
though several genes may be indicated as being concerned in the same step 
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in this series, this is not to be taken as indicating a belief that such genes 
act in an identical manner. Obviously there is no need to assume that one 
step in the suggested scheme represents one chemical reaction. A priori, 
it is probable that the scheme as presented is little more than a skeleton of 
a complex series of related reactions; each step may well represent a large 
number of sub-steps in terms of chemical reactions. 
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SUMMARY 


An attempt is made to bring together and evaluate evidence indicating 
that: 

1. Three (at least) specific diffusible substances are concerned in the 
development of the wild type eye color in D. melanogaster. 

2. These three substances are sequentially related in formation. 

3. Formation of the three substances is in the order cat, v+, and cnt 
substance, ca+ substance being first in the series. 

The possible relation of various genes to these three substances is con- 
sidered. 
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INTRODUCTION 


HE so-called “inert region” of the X chromosome of Drosophila was 

originally supposed by MULLER and PAINTER (1932) to consist of a 
line of relatively inactive genes comparable in number per unit of length 
of the mitotic chromosome to those in the active region. But it was later 
shown by MULLER and GERSHENSON (1935) that the breaks in this so- 
called “inert region’’ took place preferentially in certain discrete positions, 
and they accordingly proposed the hypothesis that there were relatively 
few genes in this region, but that these genes, or at any rate certain in- 
dividual genes amongst them, are represented by a relatively great amount 
of chromosome material during the mitotic stage of the chromosome. That 
is, the “inert region” of the mitotic chromosome was compounded of a 
small number of blocks, each of which resulted from an individual gene 
(cf the large chromatin nucleoli noted by Wenrich and others at definite 
points in prophase chromosomes). The latter hypothesis received strong 
support in the finding of MuLLER and PROKOFYEVA (1935) that in the 
salivary glands the so-called “inert region” of the X (XI), as well as the 
whole Y chromosome, had a structure fundamentally similar to that of 
the so-called “active regions,” consisting of rows of discs spaced at inter- 
vals similar to those in other regions, but that XI and Y were very short, 
containing relatively few discs, and therefore presumably relatively few 
genes. In the salivary chromosome the length of these “inert regions” was in 
fact not much greater than in the mitotic chromosomes, and so it might be 
supposed that the chromonema of these regions, or at any rate that part 
of it representing the genes which caused the blocks, did not become as 
much coiled as that of other regions during mitosis. 


SEPARABILITY OF BOBBED AND BLOCK A 


In the series of deleted and inverted X chromosomes reviewed by 
MULLER and GERSHENSON which led to their block hypothesis of the 
“inert regions,” the locus of bobbed, whenever present, was found to be 
associated with a large block of chromosome material in the mitotic 
chromosome. Whenever the locus of bobbed was present, this block, which 
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in fact constituted the major portion of the “inert region” of mitosis, was 
present, and when bobbed was absent this block was absent. This block 
we may call “Block A,” and we may provisionally presume it to be likely 
that it is the product of a single gene. It was accordingly suggested that 
the gene in question, the gene for Block A, might be identical with the gene 
of the bobbed locus itself. Having as one object a decision of this question, 
we have continued with an analysis of further cases of X chromosome re- 
arrangements. The results of the work with deleted X chromosomes is 
being reported by Gershenson in another paper. In none of those yet ana- 
lyzed has a separation between the locus of bobbed and of Block A been 
found. But in two inversions which we have analyzed, namely the inver- 
sions of scute-L8 and mottled-4, we have found that a point of breakage 
and reattachment of the inversion had come between the locus of bobbed 
and that of Block A. These loci are therefore separate ones. This accord- 
ingly increases the number of loci in the “inert region” that are genetically 
known to be separate. 

The evidence for the above conclusion is derived from the study of 
chromosomes resulting from single crossing over between the above in- 
versions and other inversions of the X. It had been shown by SEREBROVSKY 
and KAMSHILOV (1931) that crossovers having the left hand portion of 
the scute-4 inverted chromosome and the right hand portion of the scute-8 
inverted chromosome were deficient for the bobbed locus and, as they 
pointed out, this meant that the righthand point of breakage of the scute-4 
inversion was to the left of bobbed and that of the scute-8 inversion to the 
right of bobbed. GERSHENSON (1933) had found that these crossover 
chromosomes were considerably shorter than normal; as we would now 
say, they lacked one or more of the blocks, including certainly Block A. 
This meant that the righthand break of scute-4 was to the left of Block A, 
and that of scute-8 to the right of Block A and possibly of one or more 
smaller blocks besides. In neither of these cases then had there been a 
breakage between bobbed and Block A. By the same method of testing 
of crossovers, applied to combinations of scute-4 and scute-S1, we find that 
the scute-S1 chromosome, like that of scute-8, is broken to the right of 
both bobbed and Block A (at least). When, however, we use the scute-L8 
inverted chromosome, securing the crossover having the lefthand portion 
of scute-4 and the righthand portion of scute-L8, we find that the right- 
hand break of the scute-L8 chromosome must have occurred between 
bobbed and Block A. For the crossover chromosome just mentioned is 
deficient for the bobbed locus but is of normal length, showing that the 
breaks of scute-4 and scute-L8 were on different sides of the bobbed locus 
(left and right respectively), but on the same side (the left side) of Block A. 
The complementary crossovers, having the left portion from scute-L8 and 
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the right portion from scute-4 are, as expected, also found to have normal 
length and they are not deficient for bobbed. These conclusions are 
checked by the study of crossovers between the scute-S1 and scute-L8 
chromosomes. In this case we have the reverse findings since the righthand 
breaks of both chromosomes are on the same side of bobbed (to the right 
of it), and hence neither type of crossover chromosome is deficient for 
bobbed, but since the breaks of these two chromosomes are on opposite 
sides of Block A, one crossover class of chromosome is short, like the 
scute-4 scute-8 combination, being deficient for the block, and the opposite 
type of crossover is correspondingly more elongated than the normal, hav- 
ing Block A (at least) represented at both ends. The short chromosome is 
that having the left portion of scute-L8 and the right portion of scute-S1, 
while the long chromosome is the complementary type of crossover. The 
scute-8 chromosome, of course, gives the same results in these respects as 
the scute-S1 chromosome when taken in its crossover combinations with 
scute-L8. 

Similar studies of crossovers between the mottled-4 inversion and the 
scute-8 inversion give the same results with respect to bobbed and chromo- 
some length as do the studies of scute-L8 and scute-8. That is, mottled-4 
also is broken between bobbed and Block A. (In order to obtain viable 
individuals containing the crossover chromosome having the left portion 
of mottled-4 and the right portion of scute-8, an extra fragment of the 
left end of the X chromosome derived from the mottled-5 translocation 
was inserted by crossing, since the crossover chromosome in question lacks 
the so-called viability gene.) 


PROPERTIES OF BLOCK A 


In view of the fact that bobbed is due to a separate locus from that of 
the large chromatin block, the question of the function of the latter locus 
becomes more prominent. The short crossover chromosome having the 
lefthand portion of scute-4 and the righthand portion of scute-8 was known 
not to be deficient for any genes necessary for life whose place could not 
be taken by genes in the Y chromosome, since both males and homozygous 
females containing this short X and also a Y lived and were apparently 
normal (except for the expected characters dependent upon the scute genes 
present). On the other hand such individuals died if they lacked a Y 
chromosome. But this was to be expected, owing to their deficiency for the 
locus of bobbed, and so it could not be determined whether they were at 
the same time deficient in any other locus necessary for life or for a normal 
appearance. With the use of scute-L8, however, the question could now be 
attacked whether the locus of Block A or some other locus associated with 
it and separated from that of bobbed was necessary for life or for a normal 
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phenotype. Accordingly, crosses were made to secure females homozygous 
for the short crossover chromosome having the lefthand portion of the 
scute-L8 inversion and the righthand portion of the scute-8 inversion. It 
was found that such homozygous females were in fact viable and normal 
in appearance, except, of course, for the expected scute characteristics. 
Since, however, there was a possibility that these females might contain a 
Y chromosome covering their deficiency in the “inert region” of the X, a 
number of them were tested individually to ascertain whether they con- 
tained an extra Y. The test was made by crossing them to males hetero- 
zygous for Curly and for a dominant allele of brown eye, that called “A” by 
DvBININ, which he has shown to give a normal eye color in the presence 
of an extra Y. It was found by this means that no extra Y had been present 
in a number of these females. In others, however, it had been present and 
had given the expected results, thus proving the validity of the test. Hence 
we may conclude that Block A is neither necessary for life nor fertility, 
nor for a normal external phenotypic appearance. In fact, as the same tests 
showed, it does not seem to have a decided effect even on the phenotypic 
expression of the characters of so-called “eversporting displacements,” like 
the dominant alleles of brown (cf NovuypIn’s 1935 finding of such an 
effect by the “inert region” of the X in general). The question of the possi- 
ble function of the block in the synapsis and segregation of the sex chro- 
mosomes has been investigated by GERSHENSON and is being discussed in 
a parallel paper. 

It is being shown by PROKOFYEVA and MULLER in another paper in 
which salivary gland chromosome studies are reported of scute-4 and 
scute-8 chromosomes, that the region including bobbed and Block A and 
probably also block B (see below) is represented by only about two of the 
faint discs of the chromocentral region of the X chromosome, as seen by 
our optical methods. A considerable portion of the chromocentral region, 
including of course the spindle fiber locus, lies to the right of this, and an- 
other portion lies to the left of it, that is, to the left of bobbed. This nar- 
rows down considerably the region of the salivary gland chromosome re- 
sponsible for the greater bulk of the “inert region” seen in the mitotic 
chromosome, leaving little or no more than one faint disc, as seen by our 
methods, for the whole of Block A. Taking only this portion of the salivary 
gland chromosome, then, we find that it is not even several times longer 
than the same region in the metaphase chromosome, and we may conclude 
that in the metaphase chromosome this particular portion has not become 
coiled or shortened at all as compared with its condition in the salivary 
gland. This means that most of the rest of the “inert region” has become 
much shortened, that is, probably coiled, in much the same fashion as the 
“active” region. The non-coiling then is apparently confined to certain 
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particular loci, those which form the blocks. The functions of the other 
loci of the “inert region” largely remain to be determined, but there seems 
little reason to suppose that they are really “inert,” even though it was 
found that Block A itself could be dispensed with. 


OTHER LOCI IN THE “INERT REGION” 


That “block B,” or at any rate two blocks, are contained in the tiny 
section between the righthand breaks of scute-4 and scute-8, was shown by 
another experiment. In this a cytological study of the mitotic chromo- 
somes was made in the case of a mutual translocation between the scute-8 
chromosome and the fourth chromosome. A combination chromosome hav- 
ing the lefthand portion of the scute-8 chromosome, not including bobbed 
or the main block, and the righthand (spindle fiber) portion of the fourth 
chromosome, which had been broken to the right of bent, was found to be 
about twice as large as a normal fourth chromosome. This could only 
mean that it contained a small block of “inert region” that had been pres- 
ent in the lefthand end of the scute-8 chromosome, and that normally must 
lie to the right of the main block. (This is probably the same as “block B” 
of the deleted X chromosomes studied by GERSHENSON). The presence of 
even this locus, in addition to that of Block A and of bobbed, in the small 
region between the scute-4 and scute-8 breaks, emphasizes the smallness 
of the space occupied in the salivary chromosome by Block A itself, that 
is, by the major portion of the “inert region” of the mitotic chromosome. 
It thus becomes reduced to approximately a single disc, together perhaps 
with the internodal region bordering the latter on one or both sides. 

The above then illustrates the multi-locus character of the “inert re- 
gion,” and the fact that most of its bulk at mitosis is due to a very few 
particular genes that form a minority of all the genes within it. The “inert- 
ness” seems to be due to these genes only, that is, to the relatively large 
bulk which they form at mitosis. Most of its other peculiar characteristics 
depend in large measure at least upon the other genes. For example, the 
attraction of this region to the chromocenter in the cells of the salivary 
glands depends upon genes scattered throughout the length of this region. 
One or more of the latter genes even lie to the left of bobbed and of the 
righthand break of the scute-4 chromosome, since PROKOFYEVA’S studies 
show that the left end of the scute-4 chromosome is attracted to the chro- 
mocenter, causing this chromosome to form a loop in the salivary gland. 
And all the peculiarities of morphological structure that go with this chro- 
mocentral position are to be found in this portion of the scute-4 chromo- 
some also. It would perhaps be better then, provisionally, to designate the 
whole region in question as the “chromocentral region” rather than the 
“inert region.” The chief objection to this term is that in some species, 
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which no doubt contain chromosome regions homologous to this, a real 
chromocenter is not formed. The same tendencies are probably present 
however, though to a lesser degree. 

The above considerations bring to prominence one of the main questions 
that remains to be investigated concerning the chromocentral region. That 
is, why are there so many peculiar properties crowded together in this 
one region, including: attraction to chromocenter, formation of “blocks,” 
effects on the expression of “eversporting displacements,” sensitivity of 
crossing over processes to temperature and other influences, breakability 
and presence of the fiber locus. Especially noteworthy too is the fact that 
several of these functions depend upon a number of genes that can ex- 
hibit these properties independently of one another, and that in these 
cases all the genes of this kind are to be found lying close together, within 
this minute region. 


SUMMARY 


1. Two cases are reported in which a con ‘tion of genetic and cyto- 
logical analysis shows that breakage and inversion of the X chromosome 
had occurred between the loci of bobbed and of the main block, “Block A,” 
which forms most of the bulk of the so-called “inert region” seen at the 
time of mitosis. In itself the locus of bobbed produces little if any of the 
bulk of the “inert region” at mitosis. 

2. “Blocks A” and “B” in the salivary gland chromosome form a rela- 
tively small portion (not more than one “disc” each, as seen by our meth- 
ods) of the whole of the so-called “inert region” seen at that stage, a por- 
tion little if any longer than the length of these regions in the mitotic 
chromosome. Hence the rest of the “inert region,” excepting the loci of 
these blocks, probably becomes coiled at mitosis, while these loci them- 
selves remain elongated, forming a bulky mass of chromatin. 

3. Individuals lacking “Block A” but containing the locus of bobbed are 
viable, fertile, and normal in their external appearance, even if they do 
not have a Y chromosome to compensate for the absence of this locus. 

4. The problem arises as to why a number of peculiar properties de- 
pendent upon different loci occur crowded together in one region of the 
X chromosome, and probably of other chromosomes, and why, in the case 
of certain of these properties, there are even several loci of a similar kind 
in this same region. 

5. The most characteristic property of this region seems to lie in the at- 
traction of its loci for other loci so as to result in the tendency to form a 
chromocenter, rather than in the formation of chromatin blocks, and it is 
hence suggested that it would be better at present to term these regions 
“chromocentral regions” rather than “inert regions,” recognizing however 
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that most of the chromatin of these regions, as seen at mitosis, is in fact 
genetically inert, in the sense of containing relatively few genes. 
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INTRODUCTION 


HE genetic composition of the Y chromosome has been somewhat 

elucidated in recent years, thanks to the work on crossing over be- 
tween the X and Y chromosomes (STERN 1927, 1929, STERN and OGuRA 
1931, KAUFMANN 1933, PHILIP 1934, NEUHAUS 1935). 

If we add here the theoretical conclusions regarding the structure of the 
Y chromosome reached by some authors in their study of the structure of 
the inert region of the X chromosome (MULLER and PROKOFYEVA 1935; 
MULLER and GERSHENSON 1935), we may express the main body of in- 
formation concerning the cytogenetic structure of the Y chromosome of 
Drosophila melanogaster as follows: 

1. In metaphase plates (in nerve ganglia and in oogonia) the Y has the 
appearance of a J-shaped chromosome with two arms of different lengths, 
its larger arm being approximately equal to the whole X chromosome, the 
shorter arm being only half as long. At this stage the Y chromosome is 
completely heterochromatic (HEITz 1933). 

2. The Y chromosome has at least some of its parts homologous to the 
inert region of the X, which is proved by the occurrence of crossing over 
between the X and the Y chromosomes. It seems that both the short and 
the long arm of the Y can participate in such crossing over. 

3. The Y chromosome contains a normal allele of the bobbed gene and 
two fertility complexes, k; and ky. According to STERN (1927, 1929), the 
normal allele of bobbed and the fertility complex k; lie in the long arm of 
the Y. The short arm contains the fertility factor kz. According to NEv- 
HAUS, the normal allele of bobbed lies in the short arm and the long arm 
contains its very extreme mutant allele (NEUHAUS 1935). 

4. According to MULLER and PAINTER (1932) the inert regions of the 
X and the Y chromosomes have a common origin. 

5. Deficiencies for the Y chromosome do not result in the death of in- 
dividuals carrying them. 

6. The Y chromosome exerts an influence on the degree of mosaicism of 
flies of eversporting lines. (GOWEN and Gay 1933, DUBININ and HEPTNER 
1934, NOUJDIN 1935). 
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7. The frequency of breakages of the Y chromosome as measured by 
the frequency of its participation in translocations seems to be roughly 
proportional to the length of this chromosome, as the latter is seen on 
metaphase plates, or even higher than this. Therefore, we may consider 
the chromonema of the Y chromosome (as well as that of the inert region 
of the X) as having essentially the same nature in respect to its length, 
degree of coiling and breakability as that of the active regions of chromo- 
somes. But unlike the chromonema of the active regions, that of the Y 
chromosome is built up of a series of genes which are inactive in respect 
to viability and the majority of the external characters of the organism, 
but which are nevertheless connected with a usual amount of accessory 
chromatin, accompanying genes of the metaphase chromosomes (MULLER 
1918; MULLER and ALTENBURG 1930; OLIVER 1932; MULLER and PAINTER 
1932). 

8. Breaks occurring in the inert region of the X chromosome are limited 
to some definite points. Considering this finding, MULLER and GERSHEN- 
SON (1935) conclude that the main difference between this region and the 
Y chromosome to which it is homologous on one hand, and the active re- 
gions on the other, consists in the X and the Y being built up of a small 
number of active genes which produce, at some stages of the life cycle ofa 
cell, a large amount of non-genic substances forming several indivisible 
blocks. In metaphase the Y chromosome and the inert regions of the other 
chromosomes are composed chiefly of these blocks. 

g. The relative size of the Y chromosome in salivary gland cell nuclei 
is not comparable with its relative size in metaphase plates. According to 
PAINTER (1933, 1934), the Y chromosome cannot be found in salivary 
gland nuclei at all. According to PROKOFYEVA (1935) and BAUER (1936), 
it is represented in salivary glands by a short segment lying in the region 
of the chromocenter. One can therefore assume that only the genetically 
active part of the Y chromosome is represented in the salivary glands. The 
relatively large size of the Y in metaphase can be explained either by sup- 
posing that its sho:t chromonemata do not coil at that stage, or by the 
assumption made by MULLER and GERHENSON (1935). 

It will be seen from the above survey that our information concerning 
the nature of the Y chromosome is very uncertain, and our conclusions 
are contradictory in many respects. Therefore the data mentioned in the 
last paragraph of our survey—the absence of the Y chromosome in salivary 
gland nuclei claimed by PAINTER and shown to be spurious by PRo- 
KOFYEVA and by BAvER—are of special interest. The present paper is de- 
voted to a more extensive and exact study of this question, as well as to 
an attempt to interpret some facts described in the first eight paragraphs 
of the survey on the basis of the cytological analysis of the behavior of the 
Y chromosome in the nuclei of the salivary gland cells. 
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MATERIAL AND METHODS 


For the present study the author used larvae of normal males and of at- 
tached-X females. The short and the long arms of the Y were studied 
separately in lines obtained by NEUHAUS (1935). He very kindly put these 
lines at the disposal of the author, who wishes to express her thanks. 
PAINTER’S acetocarmine method of treatment was used, with some modi- 
fications proposed by BRIDGES. 


The structure of the inert region of the X chromosome (figures 1 and 2) 


The inert region of the X is represented by a short segment lying to the 
right of the disc 20A of BRIDGES’ map. This segment consists of eight discs 
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FicurE 1.—(For 19F read 20A.) The structure of the chromocentral region of the X chromo- 


some as seen in normal females. 


Due to a large variability in the morphology of the whole region, it is 
difficult to identify exactly these discs with those shown on BRIDGES’ map. 
The inert region of the X is often represented by several separate bundles 
of chromonemata with chromioles (fig. 1 a, c), and it is impossible to iden- 
tify such structures with the landmarks shown on BRIDGES’ map. But in 
some cases, thanks to an intimate conjugation of chromonemata, the struc- 
ture of the inert region is clearly seen (fig. 1 d, e). In such cases the chro- 
mioles form typical discs characteristic for the euchromatic part of the X 
chromosome, and this condition makes it possible to give some outline of 
the morphology of the inert region of the X chromosome. 
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The first disc. Close to the 20A disc there lies a faint disc composed of 
very fine chromioles, which stains very badly, and therefore, in many cases, 
this disc is seemingly absent (20B). 

The second disc has, in most cases, the same structure as the first disc, 
but sometimes it is more deeply staining and then seems to be composed of 
large chromioles (20B). 

The third, fourth and fifth discs constitute the middle part of the inert 
region, and in most cases are better stained than other discs. Among them 
the fourth disc can always be identified as the most conspicuous one. It is 
composed of large, deeply staining chromioles and is the most conspicuous 
disc of the whole inert region of the X. The third and fifth discs are some- 
times stained much less than the fourth (2oCD1). 


IR W iL 

FicuRE 2.—Association of the chromocentral region of the X chromosome with that of 
autosomes. 

The sixth disc. Its morphology varies very much. In cases when it is 
composed of chromioles lying very close to one another, it appears as a 
well stained sharp disc. But in some cases, when the sixth disc enters into 
the chromocenter as a part of it, it is represented by small chromioles lying 
on the disjoined chromonemata (20D2). 

The seventh, eighth and ninth discs constitute the chromocentral part of 
the X chromosome and are mostly represented by separate, well stained 
chromioles lying far from one another, 20D3, 4 (fig. 2). 

The general morphology of the inert region of the X can in some cases 
be profoundly modified due to the proximity of the chromocenter. Some- 
times all the discs beginning with the first one are composed of separate 
chromioles lying on the widely disjoined chromonemata. Sometimes all 
the inert region constitutes a part of the chromocenter, being associated 
with the inert regions of other chromosomes. 


The Y chromosome of normal males (figure 3) 


In the nuclei of the salivary gland cells of D. melanogaster males, the 
inert region of the X conjugates with a small element, which the author 
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has identified as the Y (PROKOFYEVA 1935).! In all the cases investigated, 
we observed but a single body without any indications of the presence of 
two arms. In many nuclei the conjugation of the inert region of the X 
with the Y is complete. In such cases the inert region of the X in a male 
does not differ in any respect from the inert region of the X in a female, and 


rs 





FicuRE 3.—(For 19F read 20A.) The structure of the chromocentral region of the X-Y com- 
pound as seen in normal males. 


it is then impossible to observe the Y as a separate element (fig. 3d). By 
means of a study of the salivary glands of young larvae in which the so- 
matic conjugation is not yet completed, we can find some nuclei with a Y 
incompletely conjugated with the inert region of the X, and here we can 
study the structure of the Y more easily (fig. 3 a, b). Like the inert region 
of the X, the Y is formed of 8-10 discs, the morphological appearance of 
which is similar to that of the discs of the inert region of the X. The third, 





FicurRE 4.—(For 19F read 20A.) The structure of the chromocentral region of the X-Y com- 
pound as seen in attached-X females. 


fourth and fifth discs of the Y are generally the best stained, as are the 
corresponding discs of the X. Like all the discs of the inert regions of 
chromosomes, the discs of the Y are formed of separate chromomeres 
which are stained with different intensities. In‘some cases one can see that 
while the middle parts of the inert region of the X and of the Y chromo- 
somes (discs three, four and five) are already completely conjugated, their 
most proximal (fig. 3a) or distal parts still remain free. 


1 In this paper, the last disc of the X of Painter’s map was wrongly identified as 19F; of 
Bridges’ map. 
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One can often observe a deeper staining of the euchromatic part of the 
proximal end of the X of males as compared with that of females, and in 
males the discs in the region 19EF, 20A are disproportionally enlarged 
(fig. 3d). Whether this condition is a result of a conjugation of some part 
of the Y with the region of the X in question (as it is in the case of the 
inert region), or is caused by some other kind of influence of the Y 
(SCHULTz 1936), is as yet unknown. 


The Y chromosome of XX Y females (figure 4) 


The salivary glands of the larvae of XX Y females offer very favorable 
material for the study of the structure of the Y, because the latter often 
shows an incomplete conjugation with the inert regions of the X. In some 





FIGURE 5.—The structure of the chromocentral region of the X-Y compound as seen in 
attached-X females having only a long arm of the Y chromosome. 


nuclei one can clearly distinguish the more intensely staining third, fourth 
and fifth discs of the Y (fig. 4a), but in others, both the Y and the inert 
region of the X are composed of uniform chromioles (fig. 4 c, d). 

The most interesting picture of the behavior of the Y in the Xx ¥ 
females is the frequently observed conjugation of its middle part (discs 
five, six and seven) with the corresponding part of the inert region of the X, 
the distal part of the Y as well as its very proximal end remaining free 
occasionally (fig. 4 a, c). 


The long arm of the Y chromosome (figure 5) 


The XX Y females received from NEUHAUS were used as material for 
the present study. These females contained only the long arm of the Y 
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which condition originated as a result of crossing over between the X and 
Y chromosomes. The study of the structure and behavior of the Y in this 
line as compared with the ordinary XX Y females and in the males has 
not shown any sharp difference between them. Cytologically, the long arm 
of the Y corresponds closely to the inert region of the X. The most in- 
tensely staining discs of the Y and of the inert region of the X could have 
been observed also in the long arm of the Y. Other discs of the long arm 
also proved to be quite similar to the corresponding discs of the inert re- 
gion of the X, and they underwent a complete conjugation with the latter. 
Occasionally only some distal discs of the long arm of the Y are conjugat- 
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FicurE 6.—The structure of the chromocentral region of the X-Y compound as seen in 


attached-X females having (a—h) only a short arm of the Y chromosome; (i-k) two short arms 
of the Y chromosome attached to one another. 


ing while the remaining part of the Y remains free and has an independent 
connection with the chromocenter from the inert region of the X (fig. 5f). 
Such configurations could be observed only in cases of an incomplete con- 
jugation. Some structures of the long arm of the Y vary greatly in differ- 
ent nuclei. Sometimes this arm looks like a comparatively small segment, 
having 7-9 discs, situated on the periphery of the chromocenter (fig. 5, 
e-h). But sometimes the chromonemata of the long arm of the Y, as well 
as those of the inert region of the X, are well developed and constitute 
altogether a considerable. segment on the periphery of the chromocenter 
(fig. 5 a~d). The number of discs, however, (or the number of chromioles 
on a single chromonema) in the inert region of the X chromosome and the 
long arm of the Y, remains the same both in the cases when the Y and the 
inert region of the X appear as a large segment, and when they seem to be 
small, namely, from 8 to ro. 
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The short arm of the Y chromosome (figure 6) 


For the study of the short arm of the Y the author used two kinds of 
XX Y females obtained from NEuHAvs. The females of the first kind con- 
tained two short arms of the Y attached to one another, and those of the 
second kind had only one short arm. Cytologically they looked alike and 


showed no differences from the XX Y females described above which had 
only the long arm of the Y. The short arm of the Y has the same mor- 
phology as that of the long arm of the Y, and of the inert region of the 
X. It is represented by a small segment having from 8 to 10 discs, the most 
intensely staining discs being situated in its middle part (fig. 6a). In most 
cases the short arm of the Y conjugates intimately with the inert region 
of the X, showing a quite identical structure with the latter. But occa- 
sionally one can observe an independent attachment of the short arm of 
the Y to the chromocenter. In such cases this arm looks like a very small 
element, the chromocentral region of which is associated, in most cases, 
with the chromocentral region of the IV chromosome (fig. 6 g, h). Some- 
times one can see coiled bundles of chromonemata in the short arm of 
the Y. 


SUMMARY AND CONCLUSIONS 


The investigation presented here allows us to make some suggestions 
concerning the cytogenetic structure of the Y chromosome. 

1. The chromonema of the Y chromosome and that of the inert region 
of the X chromosome have essentially the same structure as the chromo- 
nema of euchromatic parts of the chromosome. The distance between the 
chromioles of the Y chromosome is the same as that between the discs of 
the active parts of chromosomes. In other words, the number of chromo- 
meres per unit of length of the chromonema of the Y chromosome is the 
same as in the euchromatic parts of chromosomes. 

2. As shown by the study of breaks in the inert region of the X chromo- 
some in sc® and sc‘ lines (MULLER and PROKOFYEVA 1935), the locus of 
bobbed lies somewhere near the third and fourth discs of this region, that 
is, just in the region of the most deeply staining discs. More detailed study 
indicates that the bobbed locus is connected with the fourth disc. It will 
be seen from the data presented here that a region corresponding to this 
part of the chromocentral region of the X can be identified in both the 
short and the long arm of the Y when they are studied separately as well 
as in the whole Y chromosome of XX Y females and normal males. In 
other words, our cytological data substantiates the conclusion reached by 
NEUHAUS, according to which some allele of bobbed- (either normal or 
mutant) is present in either the long or short arm of the Y. 
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3. Both arms of the Y chromosome show homology to the X chromo- 
some not only in the region of bobbed, but in their other parts as well. 
As far as our technique allows us to make any conclusions, the short and 
the long arms of the Y chromosome and the inert region of the X have in 
the nuclei of the salivary gland cells an almost identical cytological struc- 
ture. There is apparently some difference in the mode of conjugation of 
the two arms of the Y chromosome with the inert region of the X. Our 
next paper will be devoted to this question. 

4. If the finest chromomeres of the Y correspond to the loci of single 
functional genes in metaphase, each arm of the Y must consist, according 
to MULLER’s and GERSHENSON’S assumption, of at least eight to ten 
separate blocks. MULLER’s and GERSHENSON’s study showed that some 
genes of the inert region of the X produce blocks of very different sizes 
(“block A” and “block B”). If this is true it is possible that the difference 
between the length of the two arms of the Y observed in metaphase can be 
explained by their being non-homologous in a very small number of genes, 
or even only in one gene. 

5. The present investigation indicates that the Y chromosome has a 
tendency to become associated with the chromocenter by both its ends, 
similar to what is observed in the case of the IV chromosome. Whether 
this condition depends, as BAUER is inclined to believe, upon a nonspecific 
mutual attraction of all the terminal chromomeres which forces all the 
short chromosomes to bend, or upon some other cause, could not be de- 
cided. 

6. The chief difficulty in a cytological investigation of the Y chromo- 
some in the nuclei of the salivary gland cells is caused by an extremely 
high fragility of the chromonemata of this chromosome. It seems probable 
that this increased fragility of the chromonemata of the Y chromosome 
observed in the acetocarmine preparations and the high frequency of breaks 
in the Y and in the inert regions of the X and of the autosomes caused by 
X-raying, are based on some common condition. 
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INTRODUCTION 


WO types of inheritance, Mendelian and non-Mendelian, have been 

described by various workers. The majority of cases of non-Mende- 
lian inheritance described in higher plants have dealt with variegation of 
one type or another. In the monocotyledons, several workers have de- 
scribed the occurrence of non-Mendelian inheritance in striped plants of 
Zea, Avena, Hordeum, Oryza and Sorghum. The present paper deals with 
the occurrence of maternal inheritance in a chlorina (solid color) plant 
obtained from Coast barley (Hordeum vulgare). 


LITERATURE REVIEW 


CHITTENDEN (1927), DEMEREC (1927), and SHARP (1934) have reviewed 
the work of CorRENS, BAuR and SHULL on maternal inheritance of varie- 
gation in Mirabilis, Antirrhinum and Melandrium and discuss the various 
theories offered to explain the phenomena. DEMEREC (1927) describes a 
case of maternal inheritance in maize. In his experiment, variegation (strip- 
ing) was inherited only through the female gametes and the male gametes 
had no influence either in its transmission or its expression. All attempts 
made to transmit the variegation asexually were unsuccessful. He assumes 
that the variegation is determined by a dominant mutable gene which 
has a highly increased frequency of mutation when it comes in contact 
with other than the parent cytoplasm. Striping of the leaves, similar to 
the cases above, has been discussed by ANDERSON (1923) in maize, ROBB 
(1934) in oats, Imar (1928) in barley and rice, KARPER and CONNER (1931) 
in sorghum. RHOADES (1933) found a type of male sterility which was 
inherited maternally. Male sterile plants were crossed to normal linkage 
testers having several genes located at various distances apart on the 
chromosomes. The F; plants were crossed on plants bearing all of the fac- 
tors under test in the recessive condition. The backcross data were ana- 
lyzed for the characters and their relationship to male sterility. The results 
indicate that the genetic complex plays no part in the expression of the 
male sterile character. In his summary, he states that there was no indica- 
tion of male sterility being caused by a virus disease. 
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MATERIAL AND METHODS 


Coast V was selected in a plot of normal Coast barley in 1926. The plant 
is chlorophyll deficient, the seedling color being “absinthe green.” 
(Plate 31, RIDGEWAY 1912.) 

The color of normal Coast seedlings is “cress green.” (Plate 31, RIDGE- 
way.) The color in Coast V remains constant until after heading when it 
darkens before ripening. The plants are slightly smaller than the normal 
Coast plants. 

Several chlorophyll deficient “chlorina” plants have been previously 
described by ROBERTSON (1932 and 1933) and NILSSON-EHLE (1922). 
Their behavior when crossed with normal green plants has shown them 
to be normal Mendelian recessives. For this reason, no particular atten- 
tion was paid to Coast V until it was found that reciprocal crosses did not 
behave according to simple Mendelian expectancy. 

In order to determine if the Coast V plants were homozygous chlorinas, 
reciprocal crosses were made in which the same plants were used as male 
parents and as female parents, respectively. 


RESULTS 


TABLE I 
Results of reciprocal crosses in which both plants were used as male and female parents. 








FEMALE MALE COLOR OF NO. SEEDS 
CROSS NO. 

PARENT PARENT F, PLANT SET 
II-31-141 Coast V 28-3398 Chlorina 6 seeds 
IT-31-144 28-3398 Coast V Green 4 seeds 
II-31-142 Coast V 28-3398 Chlorina 7 seeds 
II-31-145 28-3398 Coast V Green 5 seeds 
II-31-143 Coast V 28-3398 Chlorina Io seeds 
II-31-146 28-3398 Coast V Green 18 seeds 
II-31-147 Coast V Colsess V Chlorina 3 seeds 
II-31-150 Colsess V Coast V Green 3 seeds 





Description of F, plants 


The F; plants of crosses No. 141, 144, 142, 145, 143 and 146 were rough- 
awned six-rowed, covered, and had long-haired rachillas. 

The female parent (Coast V) in crosses No. 141, 142, and 143 has a 
short-haired rachilla, so that if the offspring were hybrids they should have 
had long-haired rachillas. The female parent (28-3398) in crosses No. 144, 
145, and 146 had smooth awns. The F; from the crosses should have had 
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rough awns. The data show clearly that the F,; plants were hybrids and 
were not the result of self-pollination. 

The F, plants of cross 147 were hooded, indicating that they were hy- 
brids. Cross 150 could not be determined in F; since all of the dominant 
characters are found in the Colsess parent. However, Colsess V is de- 
scribed by ROBERTSON and DEMING (1930) as a dull green-yellow. Since 
the F; was normal green, evidently the factor for green was carried over 
from the Coast V parent. 


Pedigreed cultures 


Pedigreed cultures of Coast V were grown for eight generations and no 
normal green plants have been found. The pedigreed cultures were made 
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FIGURES—1, 2 and 3 are from normal green plants. 


FIGURES—4, 5 and 6 are from chlorina plants. 


by selecting individual plants from Coast V rows each year. Reselections 
of this type have been made for eight generations. 


Backcross 


In order to determine if the chlorina color could be affected by con- 
tinued doses of normal green genes, backcrosses to normal green plants 
were started in 1933. The following family histories of the backcrosses are 
given. 

Coast V (chlorina) was crossed with normal green Coast III in 1933. 
The F, plants were crossed to H. def. nudideficiens in 1934. The double 
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cross was again crossed to H. def. nudideficiens in 1935. The progeny of the 
1935 cross were chlorina in color in 1936. 

A similar condition was found when H. dis. nigrinudum was used as the 
male parent in place of H. def. nudideficiens. The progeny from the ni- 
grinudum crosses were high fertility intermediate, awned, black glumed 
and covered with short-haired rachillas, showing clearly that the plants 
were hybrids. The H. dis. nigrinudum parent is two-rowed, awned, and 
black glumed, with a naked caryopsis and short-haired rachilla. 

When Minnesota 72-8, a six-rowed, white glumed, awned plant with a 
covered caryopsis and long-haired rachilla was used as the male parent, 
the F, plants were six-rowed, white glumed, covered with long-haired 
rachillas; again indicating a hybrid. The third backcross to green has not 
developed far enough to describe plant characters, but, as has been stated 
already, it is still chlorina in color. 


Inoculation studies 


In order to determine if a virus disease might be the cause of the chlorina 
condition in the Coast V female parent, inoculations were made by apply- 
ing sap obtained by grinding plants of Coast V to lacerations on normal 
green plants in the greenhouse. All of the normal green plants remained 
normal, and seedlings from the seed of these plants were normal green in 
the field in the spring of 1936. The results indicate that evidently the 
chlorina condition is not due to a virus disease which is easily transmitted 
to other barley plants. 


Chromosome counts* 


Root tips from both Coast V and normal Coast plants were fixed in 
formaline-acetic alcohol and carried through in the customary manner. 
The sections were stained with 'Heidenhain’s iron-alum haematoxylin or 
safranin-light green. Several slides of each type were examined and cam- 
era-lucida drawings of typical cells from both Coast V (chlorina) plants 
and normal green Coast III plants were made. The cells showed fourteen 
chromosomes in each case indicating no abnormalities in chromosome 
numbers. (Figs. 1-6.) 


THE REACTION OF FACTOR PAIRS IN THE VARIOUS LINKAGE GROUPS 
TO CHLORINA AND NORMAL GREEN PLANT COLOR 


Coast V was crossed with various barleys to test the possibility of link- 
age of the chlorina character with other characters which have been lo- 
cated in different linkage groups. The following characters were used: 


* Dr. L. R. Bryant kindly supervised the preparation of the stained material. 
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GROUP CHARACTER PAIR FACTOR PAIRS 
I 6-row vs. non-6-row Vo 
Chlorina vs. normal plant color (Minn. 84-7) Ff 
II Black vs. white glume color Bb 
Ill Covered vs. naked caryopsis Nn 
IV Hoods vs. awns Kk 
Intermedium vs. non-intermedium li 
Vv Rough vs. smooth awn Rr 
Long vs. short-haired rachillas Ss 
VI Green vs. white seedlings (Colsess I) Ade 
VII Green vs. chlorina seedlings (Colsess V) Ff. 


Green vs. virescent seedlings (Coast III) Y ve 





Group I. The factor pair Vv for 6-row vs. non-6-row is linked with Ff 
(green vs. chlorina seedlings) in Minnesota 84-7. The progeny of both F; 
chlorina and F, green plants from Coast V crosses were tested for the segre- 
gation of Vv and Ff. The results are given in table 2. The numbers of plants 
segregating in the dominant and in the recessive classes are given in the 
columns headed A and a. Table 3 gives the number of plants in the dif- 


TABLE 2 
Segregation of factor pairs in crosses in which Coast V was used as both male and female parent. 








FACTOR 


PLANT COLOR 





CROSS GROUP A* a D/PE 
PAIR Fi 
Coast VX Minn. 84-7 Ff I Chlorina 3880 1380 3.06 
Minn. 84-7 X Coast V Ff I Green 4823 1454 4.98 
Coast VXH. dis. nigrinudum Bb II Chlorina 1756 624 2.04 
H. dis. nigrinudumXCoast V- Bb II Green 1076 354 0.32 
Coast VXH. dis. nigrinudum Nn Ill Chlorina 1775 605 0.70 
H. dis. nigrinudumXCoast V Nn Ill Green 1071 359 0.14 
Coast VX Colsess Kk IV Chlorina 402 141 0.77 
Colsess X Coast V Kk IV Green 661 208 1.07 
Coast VXSmyrna I Ss Vv Chlorina 400 117 1.84 
Coast VX Minn. 84-7 Ss Vv Chlorina 412 150 2.37 
Smyrna IX Coast V Ss V Green 852 269 5.36 
Minn. 84-7 X Coast V Ss V Green 510 166 0.39 
Coast V X 28-3398 Rr V Chlorina 404 129 0.63 
28-3398 X Coast V Rr Vv Green 354 114 0.47 
Coast V X Colsess I Ade VI Chlorina 369 III 1.41 
Colsess IX Coast V Ade VI Green 358 IOI 2.20 
Colsess VX Coast V Ff. VII Green 605 209 0.66 
Coast III X Coast V Y Ve VII Green 1272 395 1.85 





* A—indicates the dominant classes; a—the recessive. 
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ferent genotypes as determined by F; segregations of the different F: 
plants. Column AA gives the double dominants, Aa the heterozygous 
dominants, and aa the double recessives. 

The F, segregation of the factor pair Ff for green or chlorina seed- 
lings gives a poor fit to a 3 to 1 ratio in the green families. However, the 
genetic constitution as determined from F; seedling counts in both cases 
is good. The number of chlorina plants is low in the green families. 

The segregation of Vv for 6-row or non-6-row indicates a normal 
1:2:1 ratio, found when incomplete dominance allows one to distinguish 
the (AA) and (Aa) classes. 

TABLE 3 
Number of F2 plants of different genotypes as determined by F3 segregations. 





PLANT 
FACTOR 





CROSS GROUP COLOR AA Aa aa x? P 
PAIRS . 
F, anp Fy 
Coast VX Minn. 84-7 Ff I Chlorina 96 192 113 2.1620 0.3444 
Minn. 84-7 X Coast V Ff I Green 99 ©6196 83 1.8731 0.3982 
Coast VXH.dis. nigrinudum Vv I Chlorina 598 1192 590 0.0607 Large 
H. dis. nigrinudumXCoastV Vv I Green 347 745 338 2.6307 0.2766 
Coast VXH.dis. nigrinudum Bb II Chlorina 248 476 260 1.3333 0.5270 


Coast VXH. dis. nigrinudum Nn III Chlorina 233 489 262 


os 


.7460 0.4285 


Coast V X Colsess Kk IV Chlorina 113 282 139 4.2172 0.1238 
Colsess X Coast V Kk IV Green 209 449)«=— 208~—S—sar«. 1847) 0. 5625 
Coast VXH. dis. nigrinudum Ti IV Chlorina 88 155 I0l 4.3430 0.1171 
H. dis. nigrinudumXCoast Vi IV Green 190 364 «49214 «93-5833. 0 1719 
Coast V X Colsess I Ade VI Chlorina 80 176 83 0.5516 V. large 
Colsess IX Coast V Ade VI Green 128 230 01 3.0611 0.2177 
Coast ITIX Coast V Y.ye VII Green 354 619 326 4.0716 0.1315 





A further test was made in the families involving crosses between Coast 
V and Minnesota 84~7. Coast V is chlorina and 6-rowed and evidently 
carries FF for green which is suppressed by the maternal chlorina condi- 
tion. Minnesota 84-7 is 2-rowed and carries ff for chlorina. 

The segregations of Ff and V2 are given in table 4 for the chlorina fami- 
lies obtained when Coast V is used as the female parent. 

The data in both the chlorina and green F, families show linkage values 
of 36.31+0.85 and 38.57+1.005, respectively. The probable error of the 
difference is 1.32 percent, indicating it is probably not significant. How- 
ever, the percentages are significantly higher than previous determina- 
tions, ROBERTSON et al (1932). Since the linkage values in both green and 
chlorina families are similar, there is evidently no differential influence of 
the green or chlorina condition in the families studied. 
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Group II. The factor pair (Bb) for black versus white glume color is 
located in Group II. This is linked with A,a, (green versus white seed- 
lings) in Trebi I. Several crosses were made in which Coast V was crossed 
with varieties having black glumes. The segregations of the F, families 
having all the plants chlorina in color and in F, families having all of the 
plants normal green in color are given in tables 2 and 3. 

The segregation of black versus white glume color fits the calculated 
3:1 ratio very well in both the pure chlorina families and the normal green 
families. 

The F, genotypes as determined from the F; segregations, table 3, again 
indicate a normal 1: 2:1 ratio in the chlorina families. 


TABLE 4 
Linkage relationship of Vv and Ff in families from F, chlorina plants. 








COAST V CHLORINA MINN. 84-7 CHLORINA 





x? P 
NON-2-ROW 2-ROW NON-2-ROW 2-ROW 
Observed 1504 388 358 255 
Calculated 9:3:3:1 1409.06 469.69 469.69 156.56 109.06 V.small 


Calculated 36.31% crossingover 1506.51 372.24 372.24 254.01 1.2201 0.7509 





Group IIT. The factor pair Nn (covered versus naked caryopsis) has 
been placed in Group III. Crosses involving Vn were made with Coast V 
which has a covered caryopsis. The F: segregations for normal green families 
and chlorina families are given in table 2. The F2, and F; behavior of the 
chlorina families indicates that the segregation is similar to that found in 
green plants of the reciprocal cross. 

Group IV. In Group IV are Kk (hoods versus awns) and /i (non-inter- 
medium versus intermedium). Both factors unfortunately were not lo- 
cated in a single parent used in the studies. The results of crossing Coast 
(awned) with Colsess (hooded) are given in table 2. The data show that 
the segregation is similar in both chlorina and green families indicating 
that there is no influence of the Coast chlorina on Kk. 

The genetic constitution of the F; plants in chlorina or green families 
segregating for Ji was determined by the segregation of the F; families, 
table 3. The number of plants of the different genetic constitution again 
indicates independent inheritance. The factor pairs Kk and J have previ- 
ously been shown to be linked with about 15.12+0.65 percent crossing 
over (ROBERTSON 1933). 

Group V. The factor pairs Ss and Rr from short versus long haired 
rachilla and rough versus smooth awns are in Group V. The behavior of 
Ss was studied in crosses with Coast V which has a short-haired rachilla. 
The F, segregation again shows a 3:1 segregation in both chlorina and 
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green families, indicating that Ss reacts independently of the chlorina con- 
dition found in Coast V. The behavior of the main factor pair Rr for rough 
versus smooth awn is given in table 2. The segregation of Rr also indi- 
cated no interaction with the chlorina condition. 

Group VI. This group contains A.a, (green versus white seedlings) in 
Colsess I. The segregation of A.a, is given for both chlorina and green 
families. The data presented in tables 2 and 3 again show a similar segre- 
gation for A.a, in both green and chlorina families. 

Group VII. Group VII contains Ff. (green versus chlorina seedlings) 
in Colsess V and Y-y, (green versus virescent seedlings) in Coast III. The 
segregation of F.f. is given in table 2. The reciprocal cross was chlorina in 


TABLE 5 
Linkage relationship of Vv and Ff in F2 families from F, normal green plants. 








GREEN MINN. 84-7 CHLORINA e P 
NON-2-ROW 2-ROW NON-2-ROW 2-ROW x 
Observed 1178 291 273 156 
Calculated 9:3:3:1 1067.6 355-9 355-9 118.6 54-36 V.small 


Calculated 38.57% crossing over 1128.08 294.42 295.42 179.08 6.9513 0.0738 





F,, but too small a number survived to make counts in F:. The F; segrega- 
tion in the green families shows no abnormal behavior of Ff. in a cross 
where Coast V was used as the male parent. 

In the studies involving Y.y., Coast V was again used as the male par- 
ent. Since the characters, with the exception of plant color, are the same, 
it is necessary to check the possibility of self-fertilization taking place. If 
self-fertilization had taken place, one out of four F; plants should be 
virescent, and one pure green. The other two would segregate for green 
and virescent in F2. If they were crossed with Coast V, which carries the 
Y.¥-, half of the plants should be pure green and half should segregate for 
green and virescent in F,. Out of eight families, none were virescent in F, 
and four segregated for green and virescent in F». 

When Coast IIT was crossed with Coast V (chlorina) a normal 3:1 segre- 
gation was obtained in the green families. The F; data also indicated a 
single factor pair responsible for green versus virescent in Coast III. 


DISCUSSION 


Maternal inheritance in striped plants has been noted in several of the 
cereals. Maternal inheritance of solid plant color, however, seems to be of 
rarer occurrence. A chlorophyll deficient plant with very light green color 
was found in Coast barley and has been described as Coast V chlorina. 
This plant color is transmitted through the female parent and not through 
the pollen. 
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The possibility of a virus disease was considered and inoculation tests 
with juice extracted from chlorina seedlings were made on normal plants. 
No change was noted on the plants or on their progeny, indicating that the 
chlorina condition was not easily transmitted to normal plants. Many 
chlorophyll deficiencies of varying shades of green are more or less com- 
mon in barley. Three of these, at least, are inherited as simple Mendelian 
recessives. 

Unfortunately, only a few factor pairs have been located in the various 
linkage groups in barley, and the reaction of at least one factor pair in each 
linkage group to the Coast V chlorina condition was studied. The tests 
made indicate that the factor pairs studied reacted independently of the 
chlorina condition. A greater number of factor pairs would add to the 
value of the data, but the results obtained clearly show that Coast V 
chlorina is not a simple Mendelian character and that some other explana- 
tion is necessary to explain its behavior. 

The results indicate that it is maternal and evidently of a similar type 
to that described by DEMEREC (1927) and by RHOADES (1933) in maize. 


SUMMARY 


Coast V is a pale green chlorophyll deficient plant. The chlorina color 
is Ridgeway’s “absinthe green.” 

When Coast V is used as a female parent in crosses with other barleys 
the F;, F, and F; are all chlorophyll deficient like the Coast V parent, in- 
dicating maternal inheritance of the chlorina plant color. 

In crosses in which Coast V is used as the male parent, the F; is normal 
green in color. In later generations the Coast V chlorina color does not 
appear or segregate out when Coast V is used as the male parent. This 
indicates that the pollen does not carry a factor for Coast V chlorina. 

Factor pairs located in all of the seven linkage groups gave simple 
Mendelian segregations in both chlorina (Coast V) and normal green 
families (reciprocal crosses). 

Three generations of backcrossing to normal green did not change the 
Coast V parental color. 

Inoculation tests with extracts from Coast V chlorina seedlings had no 
apparent effect on the color of normal plants. 

Pedigree breeding has shown the Coast V chlorina to be constant for 
eight generations. 
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INTRODUCTION 


N AN earlier paper (SHULL and WHITTINGHILL 1934) a preliminary 

report of the induction of crossing over in Drosophila melanogaster 
males by high temperatures was made. The present account describes a 
repetition of this experiment on a larger scale, several new attempts to 
induce crossing over and an interpretation of the results, together with a 
survey of the extent of sex differences in crossing over. 


Sex differences in crossing over 


Since the discovery of sex differences in crossing over in Drosophila 
(MorGAN 1912, 1914), there have become available data on the occurrence 
of such differences in other species, on the cytological accompaniments of 
crossing over, and on exceptional instances of crossing over in Drosophila 
males. 

A brief survey of the relation of sex to crossing over in species where 
crossing over has been genetically demonstrated will show the degree to 
which Drosophila stands apart in this respect. ELoFF (1932) has written a 
more detailed treatment of this subject. Aside from several species of 
Drosophila, melanogaster, simulans and virilis, absence of crossing over in 
one sex is known only for the silkworm, Bombyx mori (TANAKA 1915, 
1927; OGURA 1932). Five different linkages, in four linkage groups, have 
been studied in the silkworm without finding any crossing over in females, 
which are heterozygous for sex, although crossing over occurs in males. 

Less extreme differences may be found in three genera in which crossing 
over, although present in both sexes, is markedly reduced in one of them. 
In Apotettix crossing over is confined almost exclusively to the female 
(NABOURS 1929). In Paratettix the female shows twice as much crossing 
over as the male (HALDANE 1920, NABOURS 1929). Gammarus chevreuxt has 
the same sex difference, in one instance 25.4 percent crossing over in males 
compared with 50.4 percent in females (HUXLEY 1928). 

Sex differences of smaller magnitude have been debated by investiga- 
tors of rodents and fowls. For rats and mice CASTLE (1925) has reviewed 
numerous instances in which differences however slight always show a 
higher value for crossing over in females. Differences in chiasma frequen- 


* Contribution from the Department of Zoology, University of Michigan. 
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cies have been reported to be in the same direction in these two species 
(BRYDEN 1932, CREW and KOLLER 1932). However, at least one example 
of lower crossing over in the female rat has been reported between the 
genes pink and ruby, although the reverse relation was found between 
pink and albinism, an allele of ruby (FELDMAN 1924). As DETLEFSEN (1925) 
pointed out, only two of the many linkages measured in rats and mice were 
sufficiently great to be significant by themselves. That the differences 
may be intensified by age is suggested by the work of GREEN (1935) show- 
ing that age increased the amount of crossing over in females and de- 
creased it in males. Thus no generally acceptable conclusion in regard to 
these species can be stated at the present time. 

In the domestic fowl the situation is similar to that in rats and mice; 
all the five available reports say that the female sex gave a higher value of 
crossing over, although the differences were slight and possibly invalidated 
by the demonstration of age effects. LANDAUER (1931) found the most 
significant difference of the five between genes showing 0.68 percent cross- 
ing over in the female and 0.19 percent in the male in over 2000 gametes 
each, but even this, as LANDAUER stated, is a slight difference. Computa- 
tion shows that the above difference is only 2.5 times its standard error. 
The other differences found (SuTTLE and SIrE 1932, HuTT 1933, WARREN 
1935, WARREN and Hutt 1936) were all less than their standard errors. 
Although a pronounced increase in crossing over with the advancing age 
of males has been reported for sex-linked genes in males (HALDANE and 
CREW 1925), in the opposite sex a slight decrease, if anything, has been 
described (LANDAUER 1933). Thus the evidence for a sex difference in 
linkage in the fowl, which resembles Bombyx in having the ZW type of 
sex determination, remains inconclusive for the present. 

In contrast to the above five or eight genera in which sex differences in 
linkage strength have been noted, there are five or more other genera 
which show equal frequencies of exchange. Sex differences in crossing over 
are believed to be absent in the pigeon (CHRISTIE and WRIEDT 1924), and 
in the rabbit (CASTLE 1926). Several well studied plants also show no con- 
sistent crossover differences in megasporocytes as compared to micro- 
sporocytes. Such plants include Primula sinensis (DE WINTON and HAL- 
DANE 1935), maize, Antirrhinum, Lathyrus odoratus, Oryza, Pharbitis Nil, 
and tomatoes (SANSOME and PHILP 1932). Occasionally, as in Primula, 
higher crossing over in pollen mother cells has been found for certain 
linkages, but for certain other characters the opposite is true, and with 
still others equal crossing over has been found. 

Two general interpretations of the phenomena described up to this point 
have been offered by HALDANE (1922) and by Hutt (1933). HALDANE has 
suggested that wherever crossing over is reduced or absent in one sex the 
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affected sex is the heterogametic one. Our knowledge of Drosophila, 
Apotettix, Paratettix, Gammarus, which are of XY type, and of Bombyx, 
ZW type, is in agreement with this theory. The other interpretation, ad- 
vanced by Hutt, is that reduction of crossing over always occurs in the 
male, regardless of the type of sex determination. This theory is supported 
by the same list of XY organisms which are also included in HALDANE’s 
generalization, but it receives scant support, if not an outright contradic- 
tion, from ZW species. Bombyx, with no crossing over in the female, does 
not find a place in Hutt’s picture, although it is included in that of Hat- 
DANE. The only support offered for Hutt’s contention is the borderline 
example of the domestic fowl, where the higher crossing over indicated for 
the female has not been established nearly as well as the reverse case of 
Bombyx. Further studies of crossing over in species in which the female is 
heterozygous for sex will therefore be of special interest. 


Cytological observations 


Although the cytological counterpart of the reduction of genetic cross- 
overs is not completely known in Drosophila, because of the difficulty of 
studying maturation in this genus, some elucidation has been secured. 
It has been reported by HUETTNER (1930) and by KOLLER and Townson 
(1933) that meiosis in the male differs from that in the female in that dur- 
ing spermatogenesis synapsis takes place between short lengths of homol- 
ogous chromosomes at any one time. The pairing begins at the spindle 
fiber attachments in all chromosomes and moves out to the ends in the 
autosomes, but is confined to the inert regions of the XY pair. Chiasmata 
were not observed in the latter study although later described for X and Y 
in D. pseudoobscura (DARLINGTON 1934) and inferred in D. melanogaster 
from the genetic demonstration of crossing over (PHILIP 1935). Chiasmata 
between autosomes of males have not been described, although rare cases 
of genetic crossing over have been found there also. 


Spontaneous crossing over in Drosophila males 


Exceptions in which crossing over, of a spontaneous nature, has occurred 
in males have been reported about seven times in Drosophila literature. 
The first case described (MULLER 1916) stands apart from the others in 
that every one of 193 backcross offspring of a single male D. melanogaster 
showed that crossing over between truncate and black had occurred, al- 
though in six brother F, males segregation was normal. MULLER pointed 
out that this crossing over must have occurred once very early in the em- 
bryonic development of this F; male to have affected all of his mature germ 
cells. A second instance of spontaneous crossing over in this species was 
the occurrence of a single Star curved speck fly among the offspring of a 
backcrossed Star speck/purple curved speck male (BRIDGES and Mor- 
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GAN 1919). In D. simulans a single crossover between scarlet and peach 
appeared among 183 other offspring from the backcross of a single male. 
The phenomenon did not reappear again in an extensive search for it with 
the same stocks (STURTEVANT 1929). 

In addition to these chance findings other researches directed at the 
possibility of male crossing over have shown that such exchanges may oc- 
cur spontaneously at a very low rate. Between the X and Y of D. melano- 
gaster double crossing over in the inert region and involving bobbed has 
been found with a frequency of 1 in 3100 (PHILIP 1935). In the third chro- 
mosomes of the same species 1 crossover among 8239 controls was found 
by PATTERSON and SUCHE (1934). In still another species, D. virilis, cross- 
ing over at about the same rate as the last, 3 in 38,598, has been reported 
(KIKKAWA 1933). Therefore crossing over in the male of Drosophila is not 
an impossibility even under natural conditions. 


Induced crossing over 


Artificial induction of crossing over in males was suggested mainly by 
the knowledge that in females crossover values could be increased by the 
use of temperature extremes (PLOUGH 1917, 1921) and X-rays (MAvoR 
and SVENSON 1924). The production of crossing over in males of D. melano- 
gaster has been reported in a substantial percentage of gametes following 
treatment with X-rays (FRIESEN 1934, PATTERSON and SUCHE 1934) and 
with high temperature (SHULL and WHITTINGHILL 1934, PLOUGH 1935). 
In D. virilis both agencies have induced crossing over in males to a slight 
degree (MorIWAKI 1935). 


EXPERIMENTS WITH “STUCA” HETEROZYGOTES 
Materials and methods 


The stocks used in this experiment were one containing the third chro- 
mosome recessives thread scarlet curled stripe sooty claret, here referred to 
as “stuca” and identical with the stock erroneously called “theca” in our 
previous report (SHULL and WHITTINGHILL 1934), and a wild stock which 
had been collected locally and which replaced the wild stock formerly 
used. Five P; matings were made using brothers and sisters from each 
stock: three were “stuca” females by wild males and two were the recipro- 
cal. The five sets of flies were changed at the same time to four successive 
half-pint culture bottles, in the first of which they remained for two days, 
in the others for one day each. 

Heat treatment consisted in placing the resulting twenty cultures in a 
breeding cabinet, the temperature of which varied between 33.5° and 
35-5°C as determined both by a thermograph and by a mercury ther- 
mometer placed between two trays of bottles. Treatment of all bottles 
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began together and continued for five days for the older cultures and six 
and one-half days for the younger larvae. Drops of water and of yeast 
solution were added to the cultures at intervals during heating. When the 
cultures were removed to normal breeding temperature, 25°C, many or 
all of the larvae had died. Males hatched from only ten of the thirteen 
cultures which produced any adults at all. 

As many of the adult F,; males as possible were backcrossed to “stuca.” 
Those which were fertile were transferred from the first vial to a second 
large culture and then to another vial, which served as storage while the 
first two cultures were examined for crossover offspring. If none were 
found, the third cultures were discarded; if crossovers were present, the 
male producing them was transferred to a new culture bottle every fifth 
day until after death. One such male was remated to new virgin females. 

When crossover offspring were found, they were dealt with in various 
ways. Homozygous stocks or balanced stocks were made from representa- 
tive crossovers. Each stock came from a single crossover male in most 
cases (table I). Where a female was the only crossover of a particular class 
from one treated male, three separate stocks were established from each 
of three of her sons to lessen the chance that the region of induced exchange 
might be crossed out. Moiré, Moiré curled, Moiré curled claret and other 
derivatives of Mé/“rucuca” and the old wild stocks were used to build up 
and sometimes to maintain the desired stocks. 

The crossovers were distinguished from chromosomal aberrations not 
only by the viability of homozygotes but by measures of crossing over 
at and near the region of the induced exchange. A few brief tests were made 
by backcrossing the daughters of crossovers following suitable matings, 
but the most extensive tests were made after stocks had been established. 
Several similar stocks, together with a control of similar genotype though 
of origin solely through female crossing over, were tested together, making 
six such groups of tests. P; matings were made with one or more flies from 
the stock to be tested in each vial. Heterozygotes hatched and were bred 
at a temperature of approximately 25°C, although some of the F; under- 
went their earlier development at temperatures several degrees higher at 
times. From six to ten F; females were backcrossed, two females to four 
“stuca” males in a half-pint bottle, where they remained three days before 
being transferred, without etherization, to second and third bottles for 
two days each. Additional males were introduced when two or more of the 
originals became useless. All living flies were etherized and examined be- 
fore being discarded. The resulting offspring were classified until the six- 
teenth day after starting the culture, or the fifteenth wherever the hatch 
began as early as the last of the eighth day. The counts tapered off in al- 
most all cases or even fell to zero, so it is believed that all the offspring 
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TABLE I 
Crossovers from “stuca” XWild Matings 1936. 
F, MALES 
P Fi WITH CULTURES OFFSPRING OF DESIGNATION VIABILITY 
; MALES OF SAID SAME: TOTALS OF DERIVED OF HOMO- 
MATINGS CROSSING 
BRED MALE PHENOTYPE c. 0. stockt ZYGOTE 
OVER 
K 6 #3 4 wild 204 
“stuca” 136 
ca I 529 ips 
341 
L 8 #6 7 wild 540 
“stuca” 357 14 Vv 
38 V 
th st cu sr e* 48 39 V 
102 Vv 
ca I 139 L* 
946 
#7 7 wild 394 
“stuca” 327 
ca 2 102 L 
23 V 
V 
th st cu 23 pe V 
43 Vv 
33 L 
sr @ ca 20 . 
48 L 
IOI L 
th st I 31 ? 
767 
#9 4 wild 83 
“stuca” 81 
cu sr e* ca 2 4 V 
166 
J 5 #20 II wild 508 
“stuca” 486 19 V 
V 
th st I 5° 
44 38 y 
59 . 
17 V 
25 V 
cu sr e& ca 
J 26 V 
1145 { 279 ? 





* V=viable; L=lethal. 








t The derived stocks are from males, unless otherwise designated. 
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were included in the classification without reducing the representation of 
any class having slow development. A variation of the above procedure 
was followed in the first control, C1, measured independently of any other 
tests, in that only two successive cultures, of four and three days respec- 
tively, were used and in that in half of the backcrosses pair matings were 
substituted for the two by four plan. From some of the other control tests 
F, males were backcrossed individually to investigate the possibility of 
lower viability of some classes which were represented only rarely among 
the offspring of heated males. 


Results 


The occurrence of induced crossovers and the viability of homozygous 
stocks derived from representative crossovers is shown in tables 1 and 2 
The first section of table 1 reads as follows: From a “stuca” by wild mating, 
K, six F; males were successfully backcrossed, of which one, number 3, 
showed crossing over. Male number 3 produced, in four successive cul- 
tures before he died, 204 wild and 136 “stuca” non-crossovers and one 
claret crossover. Since this lone crossover (number 52) was a female, 
homozygous stocks were bred from each of three of her thread scarlet 
curled claret sons to insure that the affected region near claret would not 
be lost. Similarly in the next family, L male number 6, stocks were estab- 
lished from the crossovers numbered 14, 38, 39, 10 and 13. Single stocks 
were established from each crossover listed except those which were females 
and are so designated in the table. Viable homozygous stocks were ob- 
tained for most crossovers, as indicated in the last column. 

It will be noted that from L male 7 none of the stocks of stripe sooty 
claret crossovers could be obtained in a homozygous condition. The 
lethals were conclusively located in three of the four stocks, 33, 48 and ror, 
when crossover tests were being made. The method comprised matings 
back to the lethal stock females of males from both classes of crossovers 
in regions 5, 4, 3 and 5, 2 and s. The expected offspring were Moiré, stripe 
sooty claret and, if the lethal had crossed out of the crossover chromosome, 
flies showing one or two of these recessives. Absence of this third class 
would indicate that the lethal-bearing section of the chromosome was still 
present in spite of the loss of other sections through crossing over. When 
the results were secured it was found that chromosomes retaining the left 
hand part of the original chromosome following crossing over in regions 
3, 4and 5, which means between curled and claret, still carried the lethal 
and that the reciprocal classes were viable in every case as expected. When 
crossovers for region 2, scarlet to curled, were backcrossed to the lethal 
stock, results varied from one male to another, showing that crossing over 
could take place within this marked region and to either side of the lethal. 
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Thus the lethal was located between s¢+ and cut+, which was to the left of 
the region in which induced crossing over had occurred. 

Other evidence showed that the lethal was not caused in any way by the 
heat treatment but was present in the wild stock at the beginning of the 
experiment. When stocks similar in phenotype to the induced crossover 
stocks were needed, some of them were made up by the same method of 
using crossover suppressors as was followed with the derivatives from in- 
duced crossovers. Here, as in the experimental series, stripe sooty claret 
and claret stocks were lethal when homozygous. All curled stripe sooty 


TABLE 2 


Crossovers from Wild X“stuca” Mating 1936. 











F 
Ps ; CULTURES 
Fi MALES OFFSPRING OF DESIGNATION VIABILITY 
MATINGS FROM 
AND MALES WITH SAID SAME: TOTALS OF DERIVED OF HOMO- 
BRED CROSSING PHENOTYPE c. 0. erockt ZYGOTE 
BOTTLE NO. MALE 
OVER 
Hi I #4 3 wild III 
“stuca” 98 Vv 
th st cu sr e* 2 3 
36 V 
ca vt , 
2 
37 L 
213 
H4 II #31 3 wild 211 
“stuca” 165 
th st I I ? 
cu sr e* ca ° 
377 





+ The derived stocks are from males, unless otherwise designated. 


claret stocks, some of which might have carried a lethal located as above, 
were free from it. No representatives of the complementary classes of any 
of these three had any lethals, with the possible exception of one curled 
stripe sooty claret and two thread scarlet stocks not satisfactorily bred. 

While the evidence shows that the lethal carried by L male 7 was lo- 
cated between the loci of st and cu, a different lethal, located to the right 
of cu, must have been carried by L male 6. For two th st cu ca sons of the 
female crossover 13 still carried lethals in spite of the loss of the region to 
the left of cw. In the absence of information about the precise location of 
this lethal, it is not possible to decide whether the induction of crossing 
over had anything to do with its origin. 

It is remarkable that most of the positive results came from P, mat- 
ings of “stuca” females by wild males (table 1), and a very few from the 
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reciprocal matings (table 2). The same situation prevailed in the earlier 
experiment in 1934. This statement holds whether we compare the num- 
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FicurE 1.—Distribution of crossing over in derived stocks in various regions. Vertical lines, 
measured crossing over; horizontal lines, standard errors above and below measured crossing over; 
heavy lines, control stocks; light lines, derived stocks; dotted lines, map values. 


bers of crossovers, 249 to 5 this year and 46 to 34 earlier, or the numbers 
of males in which crossing over to any extent was induced, 5/19 vs. 2/12 
recently and 10/28 vs. 3/38 formerly. In other words, males from “stuca” 
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mothers and wild fathers were three times as susceptible to the induction 
of crossing over by heat as were males from the reciprocal matings. 

Measurements of crossing over in the region of the induced exchange, 
and often in other adjacent regions, were made in order to discover whether 
the percentages might be abnormal because of gross chromosomal changes 
such as deficiencies, terminal or lateral duplications, or translocations. The 
results (fig. 1) do not seem to indicate any such reductions in crossing over 
as would be expected if chromosomal abnormalities were acting. Although 
considerable variation is evident, it should be noted that the five controls 
show almost as great a range of variability in each region as do the various 
derived stocks, and that crossing over in the region of the previously in- 
duced crossing over was not noticeably more different from its proper 
control than was the crossing over in neighboring regions. The reason for 
the variability found may have been differences in physiological age 
(BRIDGES 1929) of females hatching at the same time from cultures of dif- 
ferent ages or of females whose early larval development was passed at 
temperatures higher than the optimum, regardless of the fact that they 
awaited hatching at a temperature of 25°C. 


EXPERIMENTS WITH OTHER STOCKS 


Induction of crossing over in heterozygotes from another third chromo- 
some multiple recessive stock was attempted on as large a scale as the 
previous experiment. Matings were made between the wild stock used 
above and Moiré/“rucuca” stock, which contained recessives like those 
in “stuca” with the addition of roughoid and hairy, marking the left arm 
of the third chromosome. One fly of crossover appearance, roughoid hairy 
thread scarlet, hatched but was sterile. Another had rough eyes but did 
not pass the character on to later generations. A third also had rough eyes 
together with swollen wing veins, the two being due to one dominant 
gene later determined by its position in the chromosome to be the muta- 
tion Delta. Temperatures of 9°C were tried in addition to and instead of 
the high temperatures but without positive results. 

A few crossovers between second chromosome genes were induced in 
males from a mating of Star females by Curly/dumpy purple plexus males. 
Three Star dumpy purple flies came from a single male, following treat- 
ment for four hours at 38°C. These were due to exchanges between the 
Star and dumpy loci, although exact tests to prove the normality of sub- 
sequent crossing over in this region were not performed. The lack of plexus 
was not due to double crossing over but, as BEDICHEK (1936) has shown, to 
suppression by the gene Star, although in our results homozygous plexus 
was not suppressed in about five percent of the flies also bearing Star. Other 
crossovers were found in this experiment, but because some of them bore 
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the dominant Curly, introduced by the females from the poorly viable 
and therefore balanced dumpy purple plexus stock used for the backcross, 
the remaining crossovers, non-Star and non-Curly, might have arisen 
through crossing over in parents of either sex. Only the three Star dumpy 
purple (suppressed plexus) flies were definitely due to exchanges in the 
male. 

One other attempt to induce crossing over was made, this time on the 
X and Y. A stock of eosin Bar was made up to provide males to be mated, 
after heating, to another stock in which had been incorporated yellow, 
white and miniature. In an extensive search no crossovers were found, al- 
though they have recently been demonstrated (PHILIP 1935) near the locus 
of bobbed, farther to the right. An eye mutation occurred here in an un- 
treated chromosome at the locus of lozenge. 


DISCUSSION 


The results produced in induction experiments differ from those of nor- 
mal crossing over in females in three conspicuous respects. Crossing over in 
any one male seems to occur in only one region. Secondly, complementary 
crossover classes may be very unequally represented. Finally, the spindle 
fiber region is more susceptible to the induction of crossing over than are 
other regions. 

Limitation of crossing over to one region in one male points either to the 
predetermination or, preferably, to the actual occurrence of crossing over 
before the maturation divisions of the male. Predetermination of crossing 
over would call for a permanent weakening of an early gonial chromosome 
whose many daughter chromosomes at meiosis would recombine at the 
same locus. However, equal complementary classes would be expected 
from such behavior, whereas they were often found to be unequal. Nor can 
we rely upon localization of synapsis, for KOLLER and TowNsON (1933) 
have observed cytologically that adjacent regions synapse successively in 
D. obscura. 

It is simpler to assume that crossing over and segregation may occur 
only once, in an early spermatogonial cell, resulting in many similar cross- 
overs in the mature sperm. For that matter, one might assume that the 
spermatids keep dividing for half a dozen generations to produce the same 
result, but the supporting evidence is stronger for the other alternative. 
Pairing of homologous chromosomes occurs in somatic as well as in meiotic 
divisions (MEtTz 1916, Metz and NoNIDEz 1921, KAUFMANN 1934), and 
the four-strand stage has been seen by KAUFMANN in somatic cells. 
Somatic segregation of sex-linked characters has been found in females by 
PATTERSON (1930) and in both sexes by STERN (1935). That a similar 
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crossing over and segregation may occur in the germ line is shown by the 
occurrence of 100 percent crossing over in one male (MULLER 1916). 

Early gonial crossing over has been further indicated by other re- 
searches. ZELENY (1921) and STURTEVANT (1928) have both suggested it 
as a cause of multiple occurrences of mutations in the Bar series, which 
were shown to be dependent upon crossing over. The rare disjunction of 
attached-X chromosomes, known to depend upon crossing over with a Y, 
has also occurred more than once in a culture from a single female, obvi- 
ously from a prematuration exchange (NEUHAUS 1936). Others who have 
reported the grouping of detachments are L. V. MorGAN (1925), MULLER 
and D1ppEt (1926), STURTEVANT (1931) and RHOADES (1931). The rarely 
occurring nondisjunction of bobbed deficiency was found twice in two 
males out of seven showing any at all (GERSHENSON 1935). Correlations 
between the finding of several similar rare single crossovers from normal 
heterozygous females have been shown at great length by SEREBROVSKY 
(1927). Finally, FrresEN (1934) with his X-ray induced crossovers adds 
substantial evidence for the grouping of crossovers. Seven of the eight 
males which showed crossing over revealed it for only one region. In our 
own experiments strict localization was observed in 17 of the 19 males 
which produced any crossovers at all. 

A second difference between induced and normal crossing over was the 
presence of unequal complementary classes in some of our results, which 
also will be explained, later, on the same hypothesis of spermatogonial 
crossing over. The complementary classes from 4 males were very unequal, 
from 6 others they were essentially equal, and from the remaining 9 there 
were too few crossovers to be significant. Of the inequalities two showed 10 
percent and 12.5 percent of thread scarlet flies to 1 percent or none of the 
reciprocal class. A third contrasted 5 percent of the thread scarlet curled 
stripe sooty class with o.1 percent of claret, while a fourth reversed these 
proportions to zero and 1 percent. FRIESEN did not encounter the phe- 
nomenon, but PATTERSON’s gross results showed totals of 27 roughoid 
hairy thread scarlet flies to 6 of the complementary curled stripe sooty 
claret class. 

Because the differences were in the same direction in PATTERSON and 
SUCHE’S investigation and in our own, the question was asked whether 
viability differences could account for any of them. Examination of vari- 
ous complementary classes in different control backcrosses of F, females 
revealed none of suggestive nature, so males heterozygous for various com- 
plementary classes and brothers of the control females were also back- 
crossed. Two th st/cu sr e* ca males, backcrossed individually, gave a total 
of 212:213 of the expected classes. Several th st cu/sr e* ca males pro- 
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duced the expected classes to the extent of 129 and 120. Two th st cu sr 
e*/ca males, individually mated, gave a ratio of 219:197. Transmission 
through the sperm was therefore normal, and the cause of the inequalities 
had to be sought elsewhere. 

On the assumption of the premeiotic occurrence of crossing over these 
inequalities might arise from differential division rates of the two gonial 
cells receiving the segregated crossover chromosomes. This interpretation 
is supported by the fact that flies of the deficient classes appeared at the 
beginning or at the end of the family, in the five places in which they ap- 
peared at all, and never in the middle, although the more abundant class 
of crossovers hatched at a rather regular frequency throughout all or nearly 
all cultures. Thus two of the peculiarities of induced crossovers from males 
can be explained best on the assumption that crossing over may be in- 
duced in gonial cells at from one to six or more cell generations before the 
first meiotic divisions. 

The third difference between induced crossing over in males and normal 
crossing over in females is that the spindle fiber vicinity is more responsive 
to alterations of frequency than are other parts of the chromosome. In 
FRIESEN’S, PATTERSON and SuUCHE’s and our own experiments the num- 
bers of crossover flies for spindle fiber regions of even short lengths com- 
prised half of the total or more. Restating the data on the basis of only one 
crossing over being the source of any number of flies of two complementary 
crossover classes does not materially alter the picture. FRIESEN’s results 
reveal that spindle fiber regions could satisfactorily account for eight of the 
ten sources of crossover flies. On the same explanation our own crossovers 
can all be the result of ten occurrences of somatic crossing over in as many 
different males in the short spindle fiber region, seven occurrences in the 
curled-sooty region, over three times as long, and of seven exchanges in 
the distal sooty-claret region, five times as long as the first region. 

This well known condition where the spindle fiber region is the part of 
the chromosome most susceptible to changes in crossover frequency 
brought about by heat, cold, X-rays, age and starvation makes one wonder 
whether these induced changes in females may not be more like the in- 
duced crossovers in males than like normal crossing over in females. 
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SUMMARY 


1. Crossing over has been induced in Drosophila melanogaster males by 
temperatures of 35°C applied during the larval period. This parallels the 
action of X-rays on the male and of heat on the female. 

2. Crossing over was found almost exclusively in males heterozygous 
for the third chromosome recessives th st cu sr e* ca, here called “stuca,” 
although a few apparent crossovers appeared from a second chromosome 
heterozygote, S/dp pr px. None were found from heterozygous “rucuca” 
males. This difference may be explained by postulating an enhancer in the 
“stuca” stock. 

3. Males from “stuca” by wild matings produced three times as much 
crossing over as males from the reciprocal matings, as measured either by 
the numbers of crossover offspring or the proportion of males affected to 
males bred. This indicates that the enhancer had a maternal or sex-linked 
effect. 

4. Crossing over was observed to be concentrated in the spindle fiber 
region, although found also in the middle and terminal regions. 

5. The induced-crossover chromosomes showed no abnormal effects 
upon phenotype, upon viability of the homozygotes nor upon subsequent 
crossing over. On this basis the terms crossovers and crossing over are re- 
garded as applicable. 

6. In individual males crossing over occurred in only one region in 17 
of the 19 which produced crossovers. 

7. Complementary crossover classes were usually both present, but were 
very unequal in most families of males producing more than five percent 
of crossovers. 

8. The last two points can best be explained on the hypothesis, sug- 
gested by several other investigators, that the more numerous induced 
crossovers arose from a single crossing over which occurred in a sperma- 
togonial cell several cell generations before meiosis. The scattered cross- 
overs, one or two from a male, might have originated then or at matura- 
tion equally well. 
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SELF-STERILITY IN PLANTS 131 
GENERAL INTRODUCTION 


ENETIC studies have established two explanations for self-sterility 

in the higher plants, the oppositional factor hypothesis (East and 
MANGELSDORF 1925, FILZER 1926) and the Lythrum salicaria scheme 
(von UBISCH 1921, BARLOW 1923, East 1927). Most self-sterile plants so 
far investigated conform to the oppositional factor hypothesis; this group 
includes Nicotiana, Veronica syriaca, Prunus avium, Trifolium pratense, 
Petunia violacea and Nemesia strumosa. The Lythrum scheme has been 
applied only to the two trimorphic species, Lythrum salicaria and Oxalis 
valdiviana, and to Capsella grandiflora. Certain plants which appear not to 
conform to either of these two theories fall into line with the oppositional 
factor hypothesis when their polyploid nature is considered (LAWRENCE 
1930). Verbascum phoeniceum and Prunus domestica are such polyploid 
plants. 

In a few plants self-sterility seems not to be subject to simple explana- 
tion. Brassica oleracea var. capitata (KAKIZAKI 1930) and Cardamine pra- 
tensis (BEATUS 1934) are said to have oppositional factors of the Nico- 
tiana-Veronica type, but in addition they are thought to possess genes 
stimulating to pollen-tube growth. In certain other self-sterile plants, no 
explanation has yet been found for the genetic behavior; in Tolmiea Men- 
ziesii, for example, CORRENS (1928) found no cross-sterility among sister 
plants or between parents and offspring, although all were self-sterile. 

The present investigation consists mainly of cytological studies of self- 
sterility in species belonging to widely separated plant families. On some 
plants the cytological observations have been accompanied by physiologi- 
cal experiments and pedigree work. 

The plants which were used will be taken up in three classes, according 
to the-behavior found for incompatible pollen and pollen tubes, as follows: 


1. Germination of pollen is decreased. 

2. Germination is normal, but pollen tubes are inhibited in the style. 

3. Tubes grow normally, and reach and fertilize the ovules, but no seed 
develops. 


This grouping will also be used for plants whose pollen-tube behavior is 
reported in the literature, although certain of these plants are difficult to 
classify from the information available. Although it is believed that these 
groups are based on significant physiological differences, it is thought that 
the same fundamental process underlies all three types of behavior. Par- 
ticular attention will be given to the suggestion of East (1929, 1934a) that 
inhibition of incompatible pollen tubes resembles an immune reaction, 
whereby the tubes secrete antigens which stimulate the style to produce 
antibodies. 








132 E. R. SEARS 
CLASS I 


Few cases are known in which germination of pollen is affected by 
self-incompatibility. M@LLER (1868) mentioned that pollen of Notylia 
fails to germinate on the stigma of the same flower, and Darwin (1877) 
came to the same conclusion regarding Linum grandiflorum. It was re- 
ported by Stout (1931) that Brassica pekinensis, which undergoes cycles 
of self-sterility and self-fertility, may show no germination of selfed pollen 
at the height of its self-sterile period. According to Ariry (1933), diploid 
cherries, in a cross of the S:S3;X 53S; type, show some incompatible grains 
which do not germinate and others which produce very short tubes with 
ends bent upward. 

In compatibly pollinated plums and apples, Ariry finds certain pollen 
grains which fail to germinate. These are thought to be the most highly 
incompatible grains from a mixture of groups of pollen whose compatibili- 
ties vary because of polyploidy. This suggestion is borne out by the ob- 
servation of Hatt and CRANE (1933) that in the most highly self-incom- 
patible apples, pollen fails to germinate, or else produces tubes which go 
but a short distance into the style. 

RILEY (1936) has shown that selfed grains of Capsella grandiflora do 
not germinate. According to Brink (1934), Melilotus officinalis shows, 
when selfed, decreased germination of pollen. Many of the tubes produced 
remain short and fail to penetrate the stigma, while of those which do 
penetrate, few pass beyond the stigmatic region. In Cardamine pratensis, 
as reported by CorRENS (1912) and corroborated by ZOLLIKOFER (1932), 
incompatible pollen germinates, but pollen tubes are short and do not 
penetrate into the stigma. From the situation in other members of the 
Cruciferae, it seems likely that this early retardation of incompatible tubes 
is accompanied by some inhibition of pollen germination. 

In the present study it was found that Brassica oleracea var. italica and 
Raphanus sativus show decreased germination of incompatible pollen and 
no penetration of tubes into the stigma. Incompatible pollen of Pelar- 
gonium hortorum rarely germinates; but when a tube is produced, it usu- 
ally penetrates a short distance into the stigma. Germination of incom- 
patible pollen of Secale cereale is frequently prevented, particularly on 
lower branches of the style, though tubes may enter the stigma and grow 
a short way. 


Brassica oleracea L. var. italica Plenck 


This study began on three plants grown from commercial seed. All the 
work to be reported was done either on these plants (designated 1, 2, and 3) 
or on offspring of two of them (1 and 3). All three original individuals 
were self-sterile. Certain cross combinations were fertile, others sterile. 
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In a typical series of pollinations made at the same time on these three 
plants, 55 selfings gave an average set of 20 percent with 2.5 seeds per 
fertile flower; 104 incompatible crosses resulted in 26 percent set and 3.7 
seeds per fertile flower; and 27 compatible crosses gave 100 percent set 
with 18.2 seeds per fruit. This difference is considerably larger than that 
obtained by PEARSON (1932), whose fertile crosses gave but 74.6 to 94.3 
percent set with 3.8 to 6.9 seeds per fruit. 


Behavior of incompatible pollen 


Cross-sterility and self-sterility involve decreased germination of pollen 
grains, and failure of those tubes which are produced to reach any con- 
siderable length. Although many incompatibly pollinated stigmas were 
examined, part after sectioning in paraffin and part after crushing in aceto- 
carmine, only one pollen grain was found which had emptied its contents 
into its tube. After compatible pollination, grains become empty soon after 
tubes have penetrated the stigma and have started down the style. In- 
compatible tubes usually cease to develop when they are about as long as 
the diameter of a pollen grain (plate 1, fig. 1), although occasionally they 
may attain twice that length. Some incompatible tubes flatten out on cells 
of the stigma, or bend around them, but none coil around projecting stig- 
matic cells as in Brassica pekinensis (STOUT 1931). 

One series of stigmas was specially prepared to determine whether 
germination of pollen is less after incompatible pollination than after com- 
patible pollination. Selfings, incompatible crosses, compatible crosses, and 
bud selfings were made on the same plant, pollinations being made with a 
brush so as to insure that all pollen grains on the stigma would have a 
nearly equal chance to germinate. After two days, from aceto-carmine 
preparations of the stigmas, counts were made of the number of germinated 
and non-germinated grains. Of 464 incompatible grains on mature stigmas 
(of opened flowers), 39.4 percent were germinated; of 610 compatible grains 
on mature stigmas, 92.8 percent were germinated; and of 358 selfed grains 
on immature stigmas (bud fertility will be discussed later), 85.5 percent 
were germinated. 


Physiology of incompatibility 

Germination of pollen does not depend on a specific stimulating sub- 
stance, as is shown by the fact that it will germinate in sugar solutions or 
on stigmas of distantly related plants. Where germination of incompatible 
pollen is prevented, therefore, the stigma must possess or produce some 
substance which actively inhibits the pollen. Results of mutilation experi- 
ments (table 1) show that the inhibitory reaction occurs only in the 
stigma. 
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Control self-pollinations yielded no seed at all, so seed production in 
table 1 must be attributed to the rendering compatible of flowers which 
would otherwise have been incompatible with the pollen used. In every 
case where stigmatic material was removed, fertility ensued; and unless 
stigmatic material was removed, no fertility resulted. The flowers of which 
the stigmatic surface was macerated were probably subjected to a treat- 
ment equivalent to that given those from which a thin layer of the stigma 
was removed, except that the material was scraped off instead of being 
sliced off with a razor. The operation listed as “stigma much cut” con- 
sisted of slicing about half-way through the stigma with a razor in numer- 
ous planes parallel to the length of the style. The failure of flowers so 
treated to set seed shows that mere wounding is not sufficient to bring 
compatibility. Since there is no evidence that removal of more than a thin 


TABLE I 
Broccoli. Yields of seed from mutilated flowers self-pollinated and kept in moist chambers. 








DATE PORTION OF PISTIL REMOVED NO. SEEDS 
1/ 1/36 Stigma-+one-half style 12, 16, 15 
1/16/36 Stigma-+one-fourth style 7, 10 

Stigma 17, 13 
One-half stigma 15, 24 
1/25/36 Thin layer of stigma 22,19 
None; stigmatic surface macerated 20, 18 
None; stigma much cut 0,1 





layer of stigmatic tissue further increases fertility, it must be concluded 
that the inhibitory reaction is limited to the surface stigmatic cells. That 
the zone of interference for incompatible pollen of Capsella is located in the 
stigmatic hairs was suggested by RILEy (1936) to explain the very strong 
inhibition of pollen found there. The experiments of Kirk and STEVENSON 
(1931) and Brink (1934), whereby the self-sterility of Melilotus officinalis 
plants was reduced by rubbing the stigma with a toothpick, suggest that 
most, if not all, of the inhibitory effect occurs in the stigma of that plant, 
and that the treatment removed part of the inhibiting region. 

The fact that self-fertilization results when the stigma of a mature 
flower is removed demonstrates that self-sterility does not prevent the 
gametes from fusing when once they meet. This has generally been as- 
sumed for plants, though MorGan (1923) pointed out that self-fertility of 
buds and of end-season flowers does not prove that self-fertilization would 
normally occur in self-sterile plants if pollen tubes could be induced to 
reach the ovules. 

Failure to place the treated, pollinated flowers in moist chambers 
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lowered the average set of seed, but under moist greenhouse conditions, 
permitted a full set from some flowers. 

Attempts to demonstrate the presence of an inhibitory substance in the 
stigma which would diffuse into agar and affect the growth of tubes thereon 
were unsuccessful. Similarly, no effect resulted from using parts of com- 
patible pistils. CorRENS (1912) found germination of Cardamine pratensis 
pollen to be prevented by addition of either compatible or incompatible 
crushed stigmas to an agar medium. 

Good pollen germination and tube growth were obtained on 3 or 1 per- 
cent agar plus 15 percent commercial cane sugar. Boiled yeast extract and 
potato juice, used with success by Brink (1924), decreased germination 
and growth. Tests for phototropism were without positive results, no effect 


TABLE 2 
Broccoli. Yields of seed from flowers pollinated at opening and at various stages in the bud. 











PLANTS DAYS POLLINATED BEFORE OPENING 
e ¢ 

° I 2 3 4 5 6 7 8 9 10 11 
I I 0,0 0,0,0 10, 18 18, 18 
2 2 0,0,1,0 8 II ° I I 
3 = &2 8,2 21 11,9 16 22 17 13 4 
I 2 0,0,0,0 3,2 21 15,20 
eh F 0,1 3 4 17,18 18 
2 2 66,83 2,0 2,9,0 10,14 16,20 14,20 18,13 16 





of light being apparent on direction of growth of tubes. Attempts to induce 
negative phototropism by addition of eosin to the medium were unsuccess- 
ful, although tubes grew in concentrations of eosin strong enough to color 
their contents. 


Bud fertility 


The ability to set seed when self-pollinated before anthesis is possessed 
by numerous self-sterile plants. East (1923) observed it in Nicotiana, 
S1rks (1926) in Verbascum phoeniceum, Y ASUDA (1930) in Petunia violacea, 
KakizakI and Kasat (1933) in Brassica pekinensis and Raphanus sativus, 
and ALAM (1936) in Eruca sativa. PEARSON (1929) reported bud fertility 
for Brassica oleracea var. capitata, and KAK1IzAKI (1930) confirmed this 
finding. 

Experiments conducted on broccoli showed it to be highly fertile in the 
bud. Table 2 gives the results of bud pollinations. All buds of reasonable 
size on a flowering branch were pollinated at one time and the branch 
covered with a bag. On succeeding days each flower was tagged as it 
opened. 

Good sets of seed resulted from some buds pollinated two or three days 
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before opening, and from practically all flowers pollinated four to seven 
days before opening. Had younger buds been pollinated, it is believed that 
many of them would have set seed. Selfed buds of plant 2 which opened 
on the ninth, tenth, and eleventh days probably failed to produce more 
seed because of the weakened condition of the plant and the stunted and 
abnormal condition of the buds. Tests the following year on a plant of 
another generation—1-(1)—showed that three flowers which opened on the 
tenth day after being pollinated had 4, 10, and 11 seeds, respectively. 


Behavior of compatible pollen 


The rapidity of germination of pollen after compatible, incompatible, 
and bud pollinations was found to differ. Several buds were pollinated by 
sister flowers, and open flowers on the same plant were pollinated at the 
same time, some compatibly crossed and some selfed. Cytological observa- 
tions of stigmas at intervals showed that activity of pollen on the stigma 
is more rapid after bud pollination than after pollination of open flowers. 
Germination occurs sooner (in less than two hours), and tubes are more 
rapid in their growth into the stigma. Compatible pollen on open flowers, 
while slower than pollen on buds, germinates sooner than incompatible 
pollen on open flowers. The latter pollen, as pointed out earlier, never 
reaches the normal percentage of germination. 

No striking differences occur between growth rates of compatible tubes 
in mature styles and of tubes in immature styles. Tubes could be found 
in the ovary in about 24 hours after pollination in each case. PEARSON 
(1933) reported that tubes reached the ovary in approximately the same 
amount of time after bud pollination as after compatible pollination at 
anthesis. 

The fact that immature stigmas were more receptive than mature ones 
indicates that pollen is inhibited to some extent on the mature stigma even 
though it is compatible. Since this inhibitory effect is confined to the 
stigma, as is the inhibition of incompatible pollen, it seems very likely that 
incompatibility results from what is only a stronger. expression of an 
effect also exerted on compatible pollen. In other words, an inhibitory re- 
action, of the type which would cause incompatibility if it were stronger, 
occurs between compatible pollen and the stigma. 

Further evidence that compatibility in broccoli may involve an inhibitory 
reaction similar to that of incompatibility was furnished by the behavior 
of certain plants when changed to an unfavorable environment. In some 
instances the effect of moving a plant from the greenhouse to the garden 
was to destroy its fertility to pollen from certain plants, but not to lower 
its fertility to pollen from certain other individuals. This may be explained 
satisfactorily as due to pollen from certain compatible plants being nor- 
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mally somewhat inhibited, so that raising the general inhibitory ability 
of the plant by unfavorable environment increases the inhibition of this 
pollen until the dividing line between compatibility and incompatibility 
is passed. Pollen from other compatible plants is less inhibited, or is not 
inhibited at all, and the general increase in inhibitory effect does not force 
this pollen across the line into the incompatible class. A sharp dividing line 
between fertility and sterility is indicated by the rarity of partially fertile 
combinations. 


Genetics of incompatibility 


The majority of self-sterile plants studied have been shown to follow 
the oppositional factor hypothesis. According to this theory there exists an 
allelic series of factors, Si, S2---S,, which affect pollen-tube growth. A 
tube is inhibited in a style which has in homozygous or heterozygous con- 
dition the same S factor as carried by the tube. 

PEARSON (1932) concluded from a preliminary analysis that broccoli 
follows the oppositional factor scheme. Pollinations of offspring of plants 
1 and 3 show, however, that a single series of oppositional factors will not 
account for the results obtained (table 3). In this study each fruit was 
classified as to whether it contained o, 1-3, 4-9, or more than g seeds. In 
most cases this method gave a clear distinction between compatible and 
incompatible combinations. Usually all or nearly all the fruits from a par- 
ticular mating fell either in the first two classes or in the last one. In two 
cases, half or more were in the 4-9 group, and these have been indicated 
in table 3 as +. 

The first 18 plants fall into four sharply defined groups. The next two 
differ only in their reactions with the two plants which immediately follow 
them. The most important observations to be made from the table are: 

1. Self-fertile plants resulted from this cross between self-sterile plants. 

2. Reciprocal crosses between groups do not always give the same 

result. 

Differences in behavior of reciprocal crosses show that reactions of the 
style are toward the gametophytic constitution of pollen rather than to- 
ward the sporophytic constitution. More direct proof of this was obtained 
from cytological studies, which showed that in certain compatible com- 
binations more than half the pollen, though obviously viable, was failing 
to function. 

Although Ritry (1936) has shown that the self-sterility of Capsella 
grandiflora, another member of the Cruciferae, can be explained on the 
Lythrum scheme, the fact that broccoli pollen reacts according to its 
gametophytic nature eliminates the possibility that this hypothesis fits 
broccoli also. The Lythrum theory, which involves two pairs of factors, 
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Aa and Mm, of which A is epistatic to M, calls for pollen to react in ac- 
cordance with the diploid constitution of the plant from which it came. 
In two other Crucifers a situation exists which is similar to that in 
broccoli. The common cabbage (Brassica oleracea var. capitata) and 
Cardamine pratensis both show differences in reciprocal crosses, and both 
throw self-fertile individuals from crosses between self-sterile plants. 


TABLE 3 


Broccoli. Fertility relationships in 3 families. Family 1-1= plant 1 selfed; family 1-3=19 
X30; family 3-1= 32 X10’. +=fertile, — =sterile, + =incompletely fertile, as shown by 6 or 


more pollinations. ?=less than 6 pollinations, probably —. 
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KAKIZAKI (1930)° proposed a theory for cabbage involving one allelic 
series of inhibiting factors (Si, S: - - - S,) and another series of stimulating 
factors (71, T2---T,). A pollen tube carrying an S factor which was 
present in the style in heterozygous condition was compatible if it carried 
a T factor for which the style was homozygous. BEATUuS (1934) explains 
self-sterility in Cardamine pratensis by ahypothesis similar to that of KAK1- 
ZAKI except that he uses two series of inhibiting factors and two of stimu- 
lating factors. 
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Stimulating factors were proposed by Kaxizaki and BEatus from analy- 
sis of genetic data. For explaining the genetic facts, such factors are satis- 
factory, but they present serious difficulties in physiological interpretation. 
The same difficulties arise from LAWRENCE’s (1930) assumption that un- 
like S factors positively promote pollen-tube growth. Growth of pollen 
tubes in the style is presumably a simple, nutritive reaction not involving 
special stimulating substances, since tubes will grow in styles of plants of 
other families or orders. Any effect of the style on the tube, therefore, must 
be one of inhibition rather than of stimulation. This conclusion is even 
more necessary in the case of Brassica oleracea and Cardamine pratensis, 
where incompatible pollen either does not germinate, or where tube growth 
is stopped at such an early stage that lack of a specific stimulation is very 
improbable. 

The conclusion that actual stimulating factors cannot exist leaves two 
possible explanations for the “stimulating” factors of KAxkizaKr and 
Beatus: Either they are factors which neutralize the inhibiting action of 
the S genes, or they are non-inhibitory members of an allelic series, of 
which some genes inhibit pollen and others have no inhibitory effect. Al- 
though the second explanation requires modification of the theories of 
KAKiIzAKI and BEATUS, it is the one which seems more plausible, because of 
its greater physiological simplicity and its closer analogy to the situation 
in other self-sterile plants. 

The allelic series of inhibiting factors in Nicotiana contains genes which 
inhibit tubes greatly, others which inhibit them little, and others which 
presumably inhibit them not at all (EAst and YARNELL 1929, EAST 1929, 
East 1934a). Since Brassica oleracea and Cardamine pratensis are tetra- 
ploid types (LAWRENCE 1930), they may be assumed to have two such 
series of factors, each made up of genes whose inhibiting power varies from 
none to great. These series may be designated Si, S2- - - Sy, S;; and Zi, 
Z2--+ Zs1, Z;, with S; and Z; the strongest inhibitors and S; and Z; non- 
inhibitory. S,; may then be assumed to inhibit pollen successfully, no 
matter which Z factor is present. The same may be assumed for Zi, So, 
Z:, and possibly others low in the series. S;1 and other intermediate fac- 
tors of themselves do not inhibit pollen sufficiently to prevent it from 
functioning; only when one of these is aided by one of the intermediate 
Z factors does the inhibition become strong enough to give incompatibil- 
ity to pollen carrying the two of them. Possibly the combined effect of an 
S and a Z factor is not always a simple addition of the two separate in- 
hibitory effects. Further complications can result from certain factors in 
the S series being identical with certain factors in the Z series. 

Such a theory would be difficult to substantiate genetically, but evi- 
dence for it is provided from another source. Although several types might 











































140 E. R. SEARS 


be genetically self-compatible, only S;Z; plants would exhibit no inhibition 
of their own pollen; and numerous cross-combinations should occur in 
which pollen is somewhat inhibited but not enough to result in incom- 
patibility. In broccoli it has been demonstrated that pollen which is geneti- 
cally compatible is somewhat inhibited. 


Raphanus sativus L. 


Four plants of the common radish proved to be highly self-sterile, thus 
confirming earlier observations of Stout (1920). Certain cross-combina- 
tions were fertile and certain others sterile. 

Pollen behavior was found to be similar to that of broccoli. Some tubes 
were produced after sterile pollination, but these were short, and none 
penetrated the stigma. 

Bud fertility was less in evidence among the Raphanus plants than in 
Brassica oleracea var. italica, only one of the four individuals showing it. 
KakizAki and Kasat (1933) found all four of the R. sativus plants they 
tested to be bud fertile. 

Pelargonium hortorum 


Incompatible pollen of the geranium is usually prevented from ger- 
minating, although tubes may be produced which swell and burst soon 
after penetrating the stigma. 

According to BAILEY (1933), the common garden geranium, Pelargonium 
hortorum, is a horticultural species which probably originated from crosses 
between P. zonale Willd. and P. inquinans Ait. 

Self-pollination of several varieties showed three to be self-sterile. Nu- 
merous cytological preparations were made of self-pollinated styles from 
plants of these varieties, and it was found that usually no pollen germi- 
nated. Rarely were more than one or two germinated grains found to a 
style. The tubes from these grains were short and usually swollen at the 
end or burst (plate I, fig. 6). Of all the styles examined, only one had a 
grain which had emptied its contents into its tube, and that tube had a 
burst end. 

Preparations were made by boiling the upper part of the style for three 
minutes in sodium sulfite solution, staining in acid fuchsin, and mounting, 
after some dissection, in lactic acid. 


Secale cereale L. 


It has been noted by Lowic (1928) that in self-pollinated rye the pollen 
tubes seldom grow long enough for the pollen grains to become empty. 
The present investigation confirmed this observation and showed that in- 
hibition of incompatible pollen is strongest on lower branches of the style, 
where germination is frequently prevented. 
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Plants were grown in the greenhouse from commercial seed. All four 
used as females were self-sterile. 

Each pistil of the rye flower has two styles, which are joined for but a 
short distance at their base. As shown in plate I, figures 4 and 5, each style 
gives off numerous stigmatic branches. A pollen grain anywhere on a 
branch may form a tube, and this tube enters the branch and grows down 
its center into the style. 

The styles were stained a few minutes in aceto-carmine on a glass slide 
and then crushed with a cover glass. In the stigmatic branches, tubes are 
easy to find and follow, and can even be detected in the lower, thicker por- 
tion of the style (plate I, fig. 5). 


Observations 


Few incompatible tubes grew long enough to cause their pollen grains 
to become empty. That practically all pollen germination and tube growth 
took place within 24 hours or less was shown by the fact that no increase 
in the percentage of emptied pollen grains could be noted after that 
time. 

Only a very small percentage of the incompatible pollen grains, even 
in the more favorable pollinations, became empty. Many grains did not 
germinate, and those that did seldom produced other than very short 
tubes, which frequently failed to reach the inside of a stigmatic branch. 
Near the top of the style it was often possible to follow the longest tubes 
even after they had entered the stylar tissue. Seldom did these tubes 
grow more than a short distance after leaving the stigmatic branches, none 
of those observed growing more than half way to the ovary. Such incom- 
patible tubes were usually swollen and abnormal. 

There was considerable variation among the plants as to the amount of 
germination. Styles with the best germination were the most likely to have 
emptied grains. 

In every style studied, stigmatic branches were more likely to have 
emptied grains and long tubes the farther they originated from the ovary 
(plate I, fig. 4). If there were only a few emptied grains, those were always 
on top branches. If but few grains had germinated, those were on the 
uppermost branches. 

Compatible pollinations made on plant 4, a member of a different popu- 
lation, showed that emptied pollen grains were more likely to occur on 
the lower stigmatic branches of the style (fig. 5) than on branches originat- 
ing farther from the ovary. At 50 hours after pollination the emptied grains 
tended to be more numerous on lower branches, with a more or less regular 
reduction toward the top in number of grains emptied. The observations 
in the following table are typical for six styles studied quantitatively. 








142 E. R. SEARS 


EXPLANATION OF PLATE I 


FicurE 1.—Pollen grain of Brassica oleracea var. italica on stigma one day after incompatible 
pollination, showing typical length and shape of tube. X 1100. 

FicurE 2.—Burst pollen tubes of Abutilon 5 days after self-pollination, at a distance of 7.5 
mm from the stigma. X 50. 

FiGuRE 3.—Tube end in same style, 6 mm from stigma. Extruded protoplasm surrounds the 
tip of the tube. X 650. 

FiGuRE 4.—Part of style of Secale cereale 50 hours after self-pollination. Most ungerminated 
pollen grains have washed off. Fewer grains are left toward the bottom of the style, showing that 
less germination occurred there. No grains emptied of contents. X60. 

FicurE 5.—Lower portion of Secale cereale style 50 hours after cross-pollination. Most grains 
emptied on bottom stigmatic branches. Pollen tubes visible in style. X 50. 

FicurE 6.—Pollen grain (upper left) and burst tube of Pelargonium hortorum two days after 
self-pollination. X 260. 

Ficure 7.—Ovules of Tolmiea Menziesii four days after self-pollination. Ovule at bottom right 
not fertilized. The other ovule, which has been fertilized, has an embryo of several cells, and many 
endosperm nuclei, of which a few are visible in this section. Surface cells of this ovule beginning 
to develop hair-like appendages. 145. 
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Regions represent fields of view of the microscope, at levels of the style 
progressing from the base to the top. 














REGION OF STYLE NUMBER OF GRAINS PER CENT EMPTIED 
I 12 66.7 
2 II 54-5 
3 9 66.7 
4 24 41.7 
5 55 18.2 
6 53 5-7 
7 46 6.5 
8 27 7-4 
9 32 3-1 

b fo) 13 0.0 





Inasmuch as a pollen grain must be emptied of its contents in order for 
its tube to reach considerable length, few grains on upper branches of 
these compatible styles can have had tubes long enough to reach the ovary. 
It is possible that entrance of tubes into the lower part of the style occa- 
sions some process that affects unfavorably tubes farther up in the style 
and results in their ceasing to grow. This idea is supported by a test which 
consisted of pollinating only the top half of the style of three flowers. The 
only flower which showed the compatible reaction had a high proportion 
of emptied grains on the upper stigmatic branches. Failure of the compat- 
ible reaction to occur when expected was not unusual in this material. 

Since both incompatible and compatible pollinations were made by 
shaking the spike in a closed bag containing the desired pollen, the amount 
and distribution of pollen grains must have been similar for the two kinds 
of pollination. It is clear, then, that the specific inhibition of incompatible 
pollen is strongest on the lower branches of the style. This suggests that 
an inhibitory substance is produced in the ovary or lower style and diffuses 
up the style and out the stigmatic branches; but an equally acceptable ex- 
planation is that a local inhibitory reaction occurs which is stronger in 
regions near the ovary. 

CLASS II 


In most self-sterile plants pollen germination is not affected by incom- 
patibility, but incompatible tubes fail to reach the ovary. In the most in- 
tensively investigated case of this kind, Nicotiana, East (1934b) has 
shown that incompatible pollen tubes undergo a reduction in growth rate 
in passing through an interference zone in the stigmatic tissue, and that 
after passing this zone they assume a uniform but slower rate. Studies of 
East and Park (1918) showed that the incompatible tubes maintain this 
fairly steady rate until the flower falls. This rate, and hence the length 
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reached by the tubes, depends on which of the several S factors is con- 
cerned (East 1929). 

Less detailed investigations on other plants have shown that the amount 
and manner of tube growth varies greatly. In Escholtzia (MULLER 1868), 
Corydalis cava (Jost 1907), and Tradescantia (MoorE 1917, ANDERSON 
and Sax 1934), incompatible tubes penetrate but a short distance into the 
style. Brassica pekinensis (STOUT 1931) shows growth to varying distances 
in the style, depending on the strength of the incompatibility reaction at 
the time, and ends of tubes are characteristically coiled when they stop 
growing. Kostorr (1927) reported for Lythrum salicaria a growth rate 
which decelerates rapidly at first, but which later gives indication of slight 
acceleration. In Trifolium pratense (StLOW 1931) tubes proceed at approxi- 
mately the normal rate a little over half way down the style, but are then 
rapidly retarded. Asami and Hayami (1934) believe that incompatible 
pollen tubes of the Japanese pear grow almost as rapidly as compatible 
tubes to the base of the style, but that they stop there. Eruca sativa is 
reported by AKHTAR (1932) to have incompatible tubes requiring 48 hours 
to reach the ovary instead of five, but no information is supplied as to rate 
of growth. 

In plums and apples Ariry (1933) found that although completely in- 
compatible pollen fails to germinate, partially compatible grains produce 
tubes which progress part way through the style. Dorsry (1919) reported 
a very slow growth rate of incompatible tubes of plums. In Bémischer 
Rosenapfel, OSTERWALDER (1910) found club-shaped swellings on the ends 
of the tubes, which grew to a length of but 2 to 4 mm. CooPER (1928) 
observed in apples an average growth rate slower than the compatible 
but found a few tubes growing at the normal rate and accomplishing fer- 
tilization. It seems likely that Cooper was not dealing with completely 
self-sterile varieties. 

To the plants in Group II may be added Oncidium (Scorr 1865); 
Gomeza, Stigmatostalix, and Burlingtonia (MULLER 1868); and Linum 
perenne (DARWIN 1877). These are said to produce pollen tubes of consid- 
erable length after self-pollination, and probably belong here. 

The present investigation shows that in Petunia violacea and Abutilon 
hybridum, inhibition of incompatible tubes is strongest just below the 
stigma. Usually this inhibition results in abnormalities of the tubes, al- 
though some may progress nearly to the bottom of the style before becom- 
ing abnormal. Inhibition in Nicotiana Sanderae is occasionally so strong 
that all tubes stop after penetrating but a few millimeters into the stigma. 
In Nemesia strumosa and Linaria reticulata, incompatible pollen tubes 
grow more than half way down the style before being inhibited. A similar 
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condition apparently exists in Tolmiea Menziesii, but in this plant a few 
ovules may be reached and fertilized. 


Petunia violacea Lindl. 


Self-sterility in Petunia violacea has been shown by HARLAND and 
ATTECK (1933) to conform to the oppositional factor hypothesis. YASUDA 
(1929) reports that whereas compatible tubes show an accelerating growth 
rate and reach the ovary in 36 hours, incompatible tubes exhibit a slower 
and decelerating growth rate and reach no more than about one-fifth of the 
way down the style. Incompatible tubes are further characterized by being 
irregular and swollen at their tips. 

The present investigation shows that although a few incompatible pollen 
tubes may grow nearly to the bottom of the style, the large majority stop 
within a distance of a few millimeters of the surface of the stigma. These 
short tubes usually have abnormally thick-walled ends. 

All the investigations to be reported were made on first generation de- 
scendants of two self-sterile plants of Petunia violacea (possibly P. hybrida 
Hort.), discovered in a population of thirteen grown from commercial 
seed. The genetic constitution of these two plants corresponded to the types 
S,S2 and S253, as shown by the fact that progeny of a cross between them 
fell into only two intrasterile, inter-fertile groups. A bud selfing of one of 
them resulted in four plants homozygous for one S factor, five homozygous 
for the other, and only three heterozygous, showing that homozygous 
sterility factors are not always detrimental or lethal to the Petunia plant, 
as the work of HARLAND and ATTECK (1933) indicated. No difference in 
vigor was noted in favor of either heterozygotes or homozygotes. 

Although in some experiments no self-pollinated flowers were left on 
the plant as controls, occasional selfings throughout the flowering period 
gave no indication that the plants were undergoing periods of self-fertility. 
It was only at the very end of the flowering season that even bud pollina- 
tions were made to yield seed, and then only a poor set was obtained. 


Methods 


Studies were made from whole mounts prepared as follows: Styles were 
boiled for about 10 minutes in 4 percent sodium sulfite solution, washed in 
water, and transferred to a drop of water on a glass slide. By pressure from 
one side with a flat needle, the opposite side of the epidermis was split 
open and the soft inside portion of the style forced out. The style was then 
put successively for a half day or more each in absolute alcohol, water, 
5° percent saturated aqueous solution of chloral hydrate, and saturated 
aqueous solution of chloral hydrate (MAssaArt’s method—1894). To the 
latter fluid was added enough acid fuchsin to stain the material lightly. 
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Mounts were made in MAssart’s medium (100 cc water, 16 cc glycerine, 
100 gm chloral hydrate, 50 gm gum arabic), to which about as much stain 
had been added as to the previous solution. Sufficient pressure was applied 
to the cover glass to squeeze the style into a thin layer only two or three 
cells in thickness. 

With this treatment the tubes themselves did not become stained, ex- 
cept the protoplasm near their tips, but the high refractiveness of the cal- 
lose plugs in the tubes caused them to be quite conspicuous at low magnifi- 
cation. Careful study at higher powers was necessary to determine the 
exact number of tubes at a particular level in the style, and especially to 
find ends of tubes. In the stigmatic region of the style, tubes were fre- 
quently inconspicuous. 


Observations 


The distribution of ends of pollen tubes in several styles (table 4) was 
calculated from counts of the number of tubes at intervals of a millimeter. 


TABLE 4 
Petunia. Distribution of ends of pollen tubes in styles of plant 13—1(12) as influenced by type of 
pollination (compatible or incompatible) and by amount of pollen applied. The abundant pollinations 
were made on a different day from the sparse pollinations. Compatible matings were of the S\S2XS\S3 
type. Incompatible pollinations were selfings. 




















TUBE SPARSE POLLINATIONS 38 HRS, ABUNDANT POLLINATIONS 41 HRS, 
LENGTHS SL ee —— 

IN MM COMPAT COMPAT. INCOMPAT. INCOMPAT. COMPAT. INCOMPAT. INCOMPAT. 

: 6 14 32 32 

— 4 7 12 14 

s— 2 5 12 7 

o— 3 5 9 5 

ja 1 I 3 

=— 2 4 3 3 7 

9—- I 4 18 
10o— 2 I 3 2 
II— I I 2 10 
12— 4 I I 2 96 I 16 
13> 3 2 I 2 59 9 8 
14- 8 4 76 6 16 
Is— 9 18 I 2 III I II 
16— 20 22 I 100 I I 
7? 17 34 71 I 
18— 10 30 40 I 
I9—- 7 II II I 
20— 13 7 

21I— 5 2 


Style L. 21.3 21.3 23.3 21.7 21.6 22.6 








In the sparsely pollinated compatible styles, ends of shorter tubes were 
located by direct observation, since tubes were many and ends few. 
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Table 4 shows that in compatible styles after sparse pollination (col- 
umns 2 and 3), tube ends approach a normal distribution, if only the longer 
tubes are considered. TuLes shorter than 13 mm are doubtless nearly all 
incompatible ones in this S,:S2X5,S3-type mating, as shown by the fact 
that very few of these shorter tubes are ordinarily found in completely 
compatible combinations, as $151 S2S2. 

Ends of incompatible tubes show no such tendency toward normal dis- 
tribution (columns 4 and 5). They are most abundant near the stigma, 
with a gradual diminution in number down the style. This type of distri- 
bution is similar to that found by East and Park (1918) for incompatible 
tubes of Nicotiana, although their distribution curve was not so strongly 
skewed. The negative skewness of their curve they largely attributed to 
differences in time of germination of pollen. These differences are not the 
factors that upset normal distribution in Petunia, unless incompatible 
pollen shows more variability in time of germination than compatible 
pollen does. Although Yasupa (1929) believes that an inhibiting substance 
is produced in the ovary and diffuses up the style, this skewed distribution 
of tube ends indicates that inhibition is strongest in the region of the 
stigma. Possibly all the inhibition occurs in this region, and tubes which 
succeed in passing through the area are so affected that they eventually 
come to a stop. 

Application of an abundance of compatible pollen upsets the normal dis- 
tribution of tube ends. After preliminary studies of several styles so pol- 
linated, a typical one was selected for detailed observation of tube-end 
distribution. In this style (table 4, column 6), the mode came farther be- 
hind the longest tube than in the sparsely pollinated styles, and the num- 
ber of tube ends fell off more slowly toward the stigma. Although complete 
counts were not made in the upper 12 millimeters of the style, many tubes 
ended in that region. 

Most of the short tubes in the sparsely pollinated compatible styles are 
probably incompatible S; tubes in these S,S: styles. Not nearly so many 
of these were found as were of the compatible S; tubes in the same styles, 
although equal amounts of S; and S; pollen must have been applied. How- 
ever, the preparations did not permit an accurate determination of the 
number of tube ends in the upper two millimeters of the style, where many 
of the incompatible tubes probably ended. The two incompatible styles 
which received approximately as much pollen as these compatible ones 
showed far fewer total tubes than the compatible styles. In most trials 
more than half the incompatible tubes could be classified as abnormal. 
These were mostly ones in which the walls had become so thick and irregu- 
lar that the tubes appeared capable of little or no further growth. Often 
the end wall of the tube, which remains very thin in a normal tube (text 
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fig. 1a) was as thick as the side walls or thicker (text fig. rb, c). Occasional 
tubes, particularly the shorter ones, had swollen, thin-walled ends, as (d) 
in the figure; but the wall back from the tip was thick. 

In some styles considerably less than half the incompatible tubes could 
be classified as abnormal. This reduction in abnormality was accompanied 
by greater length of tubes, and apparently represented a tendency toward 
pseudo-fertility. 

For studies on rate of growth of compatible tubes, only the longest tube 
in each style was measured, since this measurement is shown by table 4 
to be a fairly reliable index of growth in compatible styles. No support was 





Text Ficure 1.—Ends of pollen tubes of Petunia. a is compatible; b, c, and d incompatible. 
b is the most common type of abnormal tube. All X 1180. 


obtained for YAsupDA’s (1929) statement that compatible tubes of Petunia 
have an accelerating growth rate. In table 5 the July data (column 3) indi- 
cate a slight deceleration, but much or all of the decrease in growth rate 
is probably due to cooler conditions during the 12 to 24 hour period which 
came at night. The slow growth of the tubes in the February experiment 
(column 5) probably was also due to low temperature, since the plant was 
then in a cool greenhouse. The February data cannot be used to calculate 
growth rates, since pollinations were not made on the same day for the 24- 
hour and 493-hour observations. It is likely that compatible tubes of Pe- 
tunia have a nearly steady growth rate. Such a rate was reported by Bucu- 
HOLz and BLAKESLEE (1927) for Datura, and by HumpHreEy (1934) for Li- 
lium regale. East and Park (1918) found an accelerating rate in Nicotiana. 
Growth rate of tubes in incompatible styles cannot be compared with 
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that in compatible styles, since the type of tube distribution differs greatly 
in the two kinds of matings. The fact that an incompatible style has as 
long a tube as any in a compatible style does not mean that equal amounts 
of growth have occurred in the two styles. The lengths attained by the 
longest incompatible tubes are worth considering, however, for these tubes 
may occasionally reach the ovary and effect fertilization. Table 5 shows 


TABLE 5 


Petunia. Length in mm of longest tube in styles of plant 13—1(1) at intervals after compatible and 
incompatible pollination. Style length=20.0 to 22.8 mm. 























idea a JULY, 1934 ‘ FEBRUARY, 1935 ee 
a SELFED X13-1(2) SELFED X13-1(7) 
63 4.1 2.5 
3-3 2.9 
12 g.1 7.9 
9-9 g.2 
24 18.6 17.3 4-9 9-5 
17.0 20.4 6.0 8.5 
7.0 
32 22.6 through 
18.4 through 
48 21.4 through 
19.2 through 
492 13.8 20.5 
15-5 19-5 








that all incompatible tubes may be inhibited almost from the beginning of 
growth (column 4), or that a few may grow as rapidly as the fastest com- 
patible tubes until nearly the bottom of the style is reached (column 2). 
In this and other experiments, growth of incompatible tubes ceased in 
from one to four days, although the style remained fresh for two weeks or 
more. In some studies tubes reached a maximum length of less than 1o mm 
in certain styles after incompatible pollination. At other times a few tubes 
grew 20 mm or farther. 

No significant difference was found in growth of tubes after self-pollina- 
tion of two plants homozygous for different factors. 

In spite of the close relationship between Petunia and Nicotiana, and 
in spite of KostoFr’s (1930) success in obtaining fertilization of Nicotiana 
with Petunia pollen, Nicotiana pollen did not function normally in Petunia 
styles. Germination was normal, but tubes were very short, and appar- 
ently completed most of their growth within 24 hours. 
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Abutilon hybridum Hort. 


Practically all incompatible pollen tubes of Abutilon hybridum swell at 
their ends and burst. Although a few may grow nearly to the bottom of the 
style, most tubes burst within a few millimeters of the stigma. 

Most of the pollen-tube studies were made on a plant obtained from Mr. 
Jupp of the Arnold Arboretum. This plant, designated hereafter as plant 
1, probably belongs in the highly variable horticultural species, A. hybri- 
dum, although its leaves had five lobes, and BAILEY (1933) describes no 
more than three-lobed leaves for this species. A second plant, plant 2, 
originated as the only self-sterile individual in a population of nine raised 
from commercial seed of A. hybridum. It was reciprocally fertile with plant 
1. Two other plants were obtained later for genetic work. One of these, a 
plant with variegated, five-lobed leaves, will be listed as A. striatum Dicks., 
var. Thompsonii spurium Lynch, although BaILey points out that many 
specimens cultivated as such belong in the A. hybridum group, most mem- 
bers of which have many features of A. striatum. The remaining plant, one 
with white flowers instead of orange or reddish-orange, and with unlobed 
leaves, was the variety of A. hybridum known as Boule de Neige. 

Since flowering maple has several styles to the flower, typically ten, it 
is possible to pollinate a single flower and determine from sister styles the 
progress of the tubes at intervals after pollination. This procedure was fol- 
lowed in nearly all the experiments. 

Studies of pollen tubes were made for the most part from whole mounts 
prepared in the way described for Petunia, except that styles were left 
for only four or five minutes in the hot sodium sulfite solution, and that no 
stain was used. Also, more manipulation was necessary in removing the 
epidermis, pressure alone not being sufficient to break it loose. The pre- 
parations thus obtained showed very little color except in the protoplasm 
in the pollen tubes, which was a bright red. This red color was probably 
due to an anthocyanin transferred by the sodium sulfite solution from the 
epidermis of the styles to the contents of the pollen tubes. Plant 2, whose 
styles had none of this red color in their epidermis, gave a much poorer 
result with this method. 

Satisfactory results were obtained by staining the sulfite-treated styles 
in aqueous solution of acid fuchsin and mounting in lactic acid, or by stain- 
ing with acid fuchsin in chloral hydrate as described for Petunia. 


Cytological observations 


Although studies were made on plant 1 at various intervals during a 
14-month period, no important variations were noted in behavior of in- 
compatible pollen tubes. In brief the situation was this: Germination was 
as good as after compatible pollinations, but almost all the incompatible 
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tubes swelled in the style and burst (plate I, figs. 2 and 3), none ever reach- 
ing the ovary. While the longest tube in one style stopped after growing 
only 7 mm, in other styles tubes reached lengths of up to nearly 25 mm. 
Most of the growth occurred in the first 24 hours, and was probably all 
finished within 48 hours. 

Styles of plant 1 averaged about 25 to 26 mm in length during one 
period, and about 31 mm at a later time. There was a tendency for tubes 
to attain a greater maximum length in the long styles. Whereas the longest 
tube found in the 25-26 mm styles was 19.0 mm, tubes as long as 24.5 
mm occurred in the 31.0 mm styles. 

To illustrate the type of tube distribution that occurs, graphs are in- 
cluded (text fig. 2) showing the location of the ends of tubes of plant 1 
in both short and long styles. Burst tube ends are plotted above the ab- 
scissa and unburst tubes below. Unburst tubes were nearly always swollen 
and abnormal. It is probable that many listed as unburst were actually 
burst, but at a considerable distance from the end, where the extruded 
protoplasm may have been interpreted as coming from the nearby end of 
another tube. 

The graphs show that the mode for burst tubes comes between 3 and 6 
mm from the stigma, with a gradual diminution in the number of tubes 
from there down the style. Although most of the very long tubes (19 mm 
or over) were unburst, they were swollen and abnormal and had probably 
ceased growing. 

The two short styles from flower 8 had fewer tubes than the longer styles, 
particularly in the 3 to 5 mm region, and no tubes were as long as in the 
longer styles. The type of distribution is the same, however. The one style 
from flower 7 illustrates that the same type of distribution occurs when 
still fewer tubes are present. 

Distribution of incompatible tubes of Abutilon is similar to that found 
in Petunia. The same tendency occurs for tube ends to be grouped near 
the stigma, although the mode for Abutilon appears to be farther down 
the style than does the mode for Petunia. There is, further, the common 
tendency for a few tubes to exceed greatly the modal length. This similar- 
ity is probably due to both plants having the inhibitory reaction partially 
or completely localized in or near the stigma. 

While incompatible pollen tubes of Petunia tend to develop an abnor- 
mally thick wall, Abutilon tubes burst in the style, a behavior which is 
correlated with thinness of wall, possibly with abnormal thinness. This dis- 
similarity in tube behavior is probably due to a difference between tubes 
of the two species rather than to a difference in the type of incompatibility 
reaction. When compatible tubes of either Abutilon or Petunia are sub- 
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jected to crowding in the style, the characteristic abnormality of each 
occurs. 

It is possible that the self-incompatibility reaction in Abutilon and 
Petunia results only in making tubes abnormal, in that way retarding or 
stopping them. It is also possible that visible abnormality is merely the 
end result of an inhibitory process which first acts to slow down the growth 
of tubes. In Abutilon it is doubtful that tubes stop growing without becom- 
ing abnormal in appearance, but there is indication that some Petunia 
tubes are retarded or stopped before developing visible abnormality. 

As with Petunia, the type of tube distribution in Abutilon and the vari- 
ability from style to style in the same flower prevented the determination 
of growth rate of incompatible pollen tubes. It was observed, hcwever, 
that practically all elongation occurs wi-hin the first 48 hours. Studies of 
styles more than two days after pollination indicated no increased tube 
length over the two-day measurement on styles from the same flower. 

Plant 2 showed the same type of cistribution of tube ends as plant 1. 
In four styles (31 mm in length) the longest tube after two days was 16.5, 
15.5, 15.0 and 13.0 mm, respectively. 

After cross-pollination the tubes traverse the style in less than a day, 
with little swelling or bursting. 


Effect of temperature 


There is some evidence in the literature that temperature may have 
an effect on total amount of tube growth as well as on rate of growth. 
Dorsey (1919) found that low temperature decreased the set of fruit in 
plums, and presented evidence that even compatible tubes may be retarded 
so much by low temperature that they cannot reach the ovary before the 
stigma falls off. PAsKEvircH and PETROv (1925) reported a variety of 
apple as being self-sterile in southern Russia but self-fertile in the cooler 
region around Moscow; another variety, however, was self-sterile in the 
north and slightly self-fertile in the south. 

Abutilon plants were tested at constant temperatures of 30°C (86°F) 
and 9°C (48°F). In neither case did self tubes grow longer than at ordinary 
greenhouse temperatures averaging about 20°C. Heat, in fact, decreased 
the length reached by tubes; the average after 41 hours for 7 styles (longest 
tube) was only 8.8 mm. Growth at the lower temperature had about the 
same maximum as normal; two styles had longest tubes at 14.4 mm and 
16.4 mm, respectively, after 8 days. As was to be expected (BucHHOLz 
and BLAKESLEE 1927), temperature affected greatly the rate of tube 
growth. Tubes in the hot chamber had neared their maximum length in 
73 hours, while cold-treated tubes apparently underwent some elongation 
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after 4 days. At both temperatures flowers remained fresh for some time 
after growth of tubes had ceased. 

The fact that hot conditions decrease tube growth suggests the possibil- 
ity that the optimum temperature range for some species of plants may be 
too low to include temperatures ordinarily occurring at flowering time, and 
that therefore cooler conditions might increase self-fertility in those plants. 


Genetic observations 


Although the low chromosome number of these plants (n= 8) gives little 
indication of polyploidy, results f rom pedigree studies are best explained 
on the assumption that two or more series of oppositional factors are pres- 
ent. Two families were raised, one from a cross of plant 1 female by plant 
2 male, and the other from the reciprocal cross. These plants were tested 
as both male and female with both the parent plants. In addition, each 
plant was tested for self-fertility, and numerous pollinations were made 
between sister plants and with the two non-related plants mentioned under 
“material.” This work was begun out-of-doors and completed in the green- 
house in the fall and winter. Data are presented in table 6. 

Although many of the relationships in the table were determined by a 
single observation, most are thought to be reliable. Doubtful and border- 
line cases were usually repeated. There was no sharp distinction between 
the + and the + class, the line being drawn arbitrarily at 30 seeds per 
capsule. Actually the sets ranged from 10 seeds to over 100. If a combina- 
tion was tried more than once with widely varying results, the highest 
yield was ordinarily used, since the possibility of pseudo-fertility was not 
borne out by the occurrence ever of self-fertility. Sets of less than 10 would 
doubtless have been common also, were it not for the fact that ro is ap- 
proximately the minimum number of ovules which must be fertilized for 
the flower to hang on and form a capsule. Abscissed flowers were found 
which had ro to 15 ovules in apparently normal process of seed formation. 

Comparison of table 6 with Srrxs’s (1926) table 1 of his first generation 
in Verbascum phoeniceum reveals striking similarities: (1) In neither case 
does self-fertility occur; (2) neither population appears to contain two 
plants which behave exactly alike; (3) in both, the occurrence of plants 
reciprocally sterile with both parents is rare, SrrKks finding but one such 
case in 48 offspring, and none appearing in the Abutilon population of 36; 
(4) in Verbascum 13 of the 16 possible relationships with parents occur in 
30 individuals completely tested, compared to 11 out of 16 with 23 Abuti- 
lon plants; and (5) the largest class in both cases is that of plants recipro- 
cally fertile with both parents. 

The resemblance of the behavior of Abutilon to that of Verbascum is 
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close enough to indicate that a similar factor sche-me is operating in both 
genera. For Verbascum, LAWRENCE (1930, 1931) has presented good evi- 
dence that the complications in Sirks’s results were due to allotetraploidy, 
which increased the number of sterility factors from one allelic series to 


TABLE 6 
Abutilon. Fertility relations betiveen two families (1-2 and z:-1), the parent plants (1 and 2), A. 
hybridum var.“Boule de Neige,” ana! A. striatum var. Thompsortii spurium. + =fertile; — =sterile; 
+ = partially or doubtfully fertile. Plants arranged according to their fertility with parents. 





two. As LAWRENCE points out, the existence of two series of factors does 
not explain. the fact that of 26 F, plants sujficiently tested, no two were the 
same. Only 16 genotypes could be produced from segregation of two pairs 
of factors. LAWRENCE is iriclined to believe that only two main series of 
factors ‘were present in StrxKs’s F; of Verbascum, but that there may have 
been other factors which were responsible for the incompatibility of cer- 
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tain combinations. Successive generations brought more and more regu- 
larity, until in F, and F; there was fair agreement with a two-series scheme. 
Inbreeding and selection may have eliminated the subsidiary factors or 
resulted in a masking of their effect. 

It is probable that such minor factors affecting self-sterility occur in 
many plants. Selection has frequently been necessary to bring genetic 
regularity into self-sterility. Even in Nicotiana, one of the plants for which 
the oppositional factor hypothesis was developed, early generations gave 
little indication of cross-sterile groups (EAst and PARK 1917), and ANDER- 
SON and DE WINTON (1931) and East (1932) found independent factors 
which modify the action of the S genes. 

No data being available for later generations of Abutilon, it cannot be 
said with certainty that further breeding would show two main series of 
factors as in Verbascum. Such a result seems probable, however, because 
of the close similarity of F, behavior to that in Verbascum. The evidence 
is not as clear for Abutilon as for Verbascum that the second series of oppo- 
sitional factors has arisen through tetraploidy. The diploid chromosome 
number of Abutilon hybridum is only sixteen, and no number lower than 
fourteen is reported for the genus (SKOVSTED 1935). Sphaeralcea miniata 
of the same family has been shown by SkovsTED, though, to have a hap- 
loid number of five, thus heightening the possibility of chromosome dupli- 
cation in A. hybridum. 

Two loci for self-sterility in one plant could arise, in such complex hy- 
brids as these Abutilons are thought to be, through hybridity without 
chromosome duplication. Hybridization of two species, each with a self- 
sterility factor, but with this factor on different chromosomes, would estab- 
lish in the offspring two loci for sterility. Since each incompatibility factor 
would be accompanied by its normal allele, this plant would be self-fertile, 
but inter-breeding with other F; plants might produce a small proportion 
of self-sterile individuals. 


Nicotiana Sanderae Hort. 


Observations were made on plants of two families, using the same 
method of preparing styles as with Petunia. These families came from seed 
whose genetic constitution as regards self-sterility was known from pedi- 
gree work at the Bussey Institution (East and YARNELL 1929). One 
family, 846, was from a bud selfing of an S,S, plant, and the other, 848, 
was from SiS,X SiS». 

Studies of tube-end distribution after sparse, incompatible pollination 
showed that in nearly all cases the longest tube was not much longer than 
others; therefore the length of only the longest tube in each style was 
recorded (table 7). In this experiment incompatible tubes were subject to 
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much stronger inhibition than was occurring when East and Park (1918) 
and East (1934b) made their studies. During a period in which compatible 
tubes would have neared the bottoms of the 40-50 mm styles, these incom- 
patible ones progressed only 1.6 to 5.0 mm. Further evidence of extreme 


TABLE 7 


Nicotiana. Length of longest tube in styles 50-51 hours after pollination. 





























FEMALE PLANT MALE PLANT LENGTH OF 
LONGEST AVERAGES 

NUMBER CONSTITUTION NUMBER CONSTITUTION TUBE, MM 
848- 2 SuSo 846-18 S9So 5.°0 

re 

3-9 

3-5 3-9 
846-1 SiS9 846-9 SiS; 1.6 

3-9 

1.8 

1.8 a3 
846-1 S1S9 846-18 SoSo 9 

2.5 2.2 
846-6 SiS9 846-18 SoSo -9 

2.8 2.85 
846-9 SiS; Selfed 3.3 

3.0 

3-9 

2.1 3.05 
846-17 S:S1 Selfed 2.1 

3-5 2.8 
846-18 SoSg Selfed 2.2 

2.3 

2.0 2.2 





* One tube, probably from accidentally placed, compatible pollen, was 21.6 mm in length. 


inhibition is given by the fact that the ends of nearly all tubes were abnor- 
mally thick-walled (text fig. 3), presumably capable of little, if any, fur- 
ther growth. Also, very few bud pollinations were effective in producing 
seed, although East (1934a) has shown that S, pollen normally gives good 
yields of seed from incompatible pollinations made in the bud. 

There is no indication in the data that a tube grows farther in a style 
heterozygous for the factor carried by the tube than in a style homozygous 
for that factor. The significance of the data in table 7 may be questioned 
because of the high degree to which tubes were inhibited, but in East’s 




















SELF-STERILITY IN PLANTS 159 


(1934a) experiments, where rate of tube growth was determined by the 
amount and constitution of seed set by homozygous and heterozygous 
plants after pollination of open and bud flowers, heterozygous factors 
usually did not permit faster tube growth than homozygous ones. One of 
the few apparent exceptions was S,Ss, in styles of which S; tubes grew 
more rapidly than in S,S;, but he interpreted this as being due to the rapid 
growth of Sy tubes and their stimulating influence on S; tubes. 

The failure of S, pollen to grow appreciably faster than S; may perhaps 
best be ascribed to the extreme conditions of inhibition prevalent at the 
time of this experiment. Perhaps strength of inhibition of tubes, while 
differing normally for different factors (EAST 1934a), under certain con- 
ditions may reach a maximum which is much the same for all the factors. 
Particularly does this seem possible in the light of East’s (1934b) demon- 





TeExT FicuRE 3.—Abnormal end of incompatible pollen tube of Nicotiana. X 1180. 


stration that inhibition is strongest in the upper style; when the reaction 
is very strong, it may be expressed in completely preventing tubes from 
passing this zone. 

Linaria reticulata Desf. 


Self-sterility in Linaria reticulata is due to differential pollen-tube 
growth. Whereas in compatible cross-combinations tubes reached the bot- 
tom of the style in less than 25 hours, incompatible tubes grew only 2.8 
mm in 4 days, a distance still about .7 mm from the bottom of the styles. 

During the first 6 hours after self-pollination, growth of tubes was fairly 
rapid, a length of about 1 mm being attained. This was approximately 
equal to the growth of tubes in the same time after compatible cross-polli- 
nation. But after 2, hours incompatible tubes were only an average of 
1.75 mm long, compared to more than 3.5 for compatible tubes. In 48 
hours a length of about 2.5 mm was reached. Further growth in the next 
48 hours was only .3 mm, indicating that tubes had ceased elongating by 
the end of that period. 

The number of observations is scarcely sufficient to establish an accurate 
growth curve. It is evident, however, that incompatible tubes grow at a 
diminishing rate. Although the 25-hour compatible tubes had completely 
traversed the style, indications were that they had not yet proceeded far 
into the ovary. It is thus unlikely that compatible tubes have an accelerat- 
ing growth rate. 
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In this study, mounts of whole styles were used. Styles were macerated 
for 10-15 minutes in hot sodium sulfite, stained in acid fuchsin, and 
mounted in lactic acid. 


Nemesia strumosa Benth. 


RILEY (1935) has shown that Nemesia strumosa fits the simple opposi- 
tional factor scheme. From material provided by Dr. RILEY, it was found 
that incompatible pollen tubes grow nearly to the bottom of the style at 
a rate approximating that of compatible tubes, but that they then undergo 
rapid deceleration and come to a stop at the top of the ovary. 

Observations based on whole preparations in aceto-carmine indicated 
that tubes produced after selfing traverse the entire style at a rate equal 
to that of compatible tubes. Both kinds of tubes reached the bottom of the 
style (average length, 1 mm) in about three hours. 

Determination of the further behavior of the tubes was made from en- 
tire pistils fixed at various intervals after self- and cross-pollination, and 
sectioned in paraffin. Four pistils five hours after selfing showed the longest 
tubes between .26 and .32 mm (.28 average) from the ovary, or about .go 
mm from the stigma. Ten hours after selfing, tubes were .065 to .195 mm 
from the ovary in four styles, an average of .114 mm, and a growth of 
only .166 mm in five hours. At 24} hours the tubes had completed their 
growth, two pistils showing tubes projecting into the ovary for distances 
up to .o3 mm, one having tubes just ready to enter the ovary, and a fourth 
showing tubes .o65 mm from the top of the ovary. In four 48-hour prepara- 
tions tubes were still barely at the point of entering the ovary. Preparations 
after 74 and 99 hours showed the same situation. 

After fertile crosses, tubes in two styles were .065 mm and .og mm from 
the top of the ovary (approximately 1.1 mm from the stigma) in 5 hours. 
This is about the length reached by incompatible tubes in 10 hours. Com- 
patible tubes in 1o hours had entered the ovary and could be found half- 
way to its bottom, a total distance from the stigma of 1.85 mm in one pistil 
and 1.98 mm in another. 

These results show that incompatible pollen tubes of Nemesia strumosa 
grow approximately as fast as compatible ones through the first three- 
fourths or four-fifths of the style, but then undergo a rather sudden decel- 
eration in rate such that they grow more and more slowly, and finally 
come to a stop at the top of the ovary. The period of rapid growth lasted 
in this experiment for about three hours. The tubes were still growing 
after ten hours but had stopped in 243 hours. 

The incompatibility reaction is either partially or completely lacking in 
flowers pollinated a sufficient time before anthesis. Good sets of seed were 
obtained from certain flowers pollinated in the bud. It is possible that the 
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failure of buds pollinated by R1LEy (1935) to set seed was due to the flowers 
not being young enough. No records were kept in the present investigation 
as to the number of days required for successfully self-pollinated buds to 
open. 


Tolmiea Menziesii Torr. & Gray 


CorRENS’s (1928) observations on Tolmiea Menziesii make this plant 
of particular interest for pollen-tube studies. He found that all the offspring 
of a cross were reciprocally fertile with each other and with the parents, 
but that no plants were self-fertile. This relationship differs from any ob- 
served in other plants. The present investigation indicates that incom- 
patible pollen tubes are inhibited, particularly in the lower style, to such 
an extent that too few ovules are fertilized to prevent abscission of the 
flower. 

Only one plant was available for the investigation. This was obtained 
from Mr. F. J. MacGrecor, who had succeeded in getting it to flower. 
Plants grown from seed had failed to flower in the Bussey greenhouses. 
Since lack of other plants made it impossible to study normal, compatible 
behavior of pollen tubes, inferences regarding the compatible situation are 
drawn from analogies with other species. These inferences permit certain 
conclusions regarding incompatible behavior. 

Some of the cytological preparations consisted of whole mounts of car- 
pels, made in lacmoid-martius-yellow (NEBEL 1931) after some dissection. 
For post-fertilization studies, paraffin sections stained in haematoxylin 
were used. 

Pollen tubes are apparently inhibited in their growth, particularly in 
the lower part of the style. One day after pollination, tubes were almost 
down to the first ovules, but preparations made on subsequent days 
showed that only a few tubes had progressed much farther. Only a small 
percentage of the tubes which grow nearly to the bottom of the style pro- 
ceed into the ovary. Of these few tubes, still fewer reach the ovules. 

As a rule, fertilized ovules are limited to the upper half of the ovary, but 
in two cases some were found toward the bottom. From the evidence at 
hand it seems likely that although tubes are rather strongly inhibited in 
the lower part of the style, those which are able to proceed into the ovary 
suffer little, if any, further inhibition. The conclusion that incompatible 
tubes are inhibited is based on the observation that they have a decelerat- 
ing rate of growth. No case is known of compatible tubes having a decel- 
erating growth rate. 

From a study of sectioned material it was found that fertilization very 
probably occurs in all the ovules entered by pollen tubes. In all but one of 
six Ovaries pollinated in the first few days of the study and fixed for sec- 
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tioning after three days or more, four or more ovules (4, 4, 6, 5, and 4, 
respectively) were in more or less advanced states of development. In one 
four-day ovary, the five developing ovules had embryos of 4 to 9 cells 
(plate I, fig. 7) and endosperms of about 20 to 60 nuclei. One six-day flower 
showed still more advanced embryos. Integuments of fertilized ovules 
evidenced conspicuous development (fig. 7). 

Although no fertile material was available for comparison, it is believed 
that embryo and endosperm development was proceeding normally in the 
fertilized ovules. In no case, however, did seed form. In six or seven days 
flowers fell off. In ovaries examined at the time of abscission, all ovules 
had dried up. Some flowers studied before abscission also showed degener- 
ated ovules. In no case were unfertilized ovules shown to degenerate before 
fertilized ones, although few observations were made at the critical time. 

From the present evidence one is inclined to conclude that not enough 
ovules are fertilized in Tolmiea to stimulate the ovary sufficiently to cause 
it to hang on, and that if more ovules were fertilized, seed would develop 
normally. The most fertilization observed was six ovules, a small propor- 
tion of the more than one hundred present in an ovary. In other self-sterile 
plants where incompatible pollen tubes are known to be inhibited in the 
style, seed develops normally if enough ovules are fertilized. 


CLASS III 


It will be shown in this section that incompatible pollen tubes of Gasteria 
grow normally to the ovules and fertilize them, but that the integuments 
of the ovules degenerate as if fertilization had not occurred. 

For no other self-sterile plant has it been shown definitely that incom- 
patible pollen tubes grow to the ovary at the same rate as compatible 
tubes and fertilize the ovules. Kraus (1915) states that the most important 
and inclusive type of self-sterility among orchard fruits is one in which all 
processes up to and including fertilization are apparently normal; but the 
work of CRANE (1927), AFIFY (1933), and HALL and CRANE (1933) points 
to slow or abnormal pollen-tube growth as the principal cause of self- 
sterility in these species. Since KrAus’s conclusions were based largely on 
apples, which are seldom completely self-sterile (HALL and CRANE 1933), 
it is possible that the pollen tubes he and Cooper (1928) traced into the 
ovules were actually compatible tubes, and that failure to set seed was due 
to a cause other than self-sterility. 

Stout (1923) says, “There is evidence that in many grades of self- 
incompatibility the injurious effects may be exhibited after what is appar- 
ently a successful fertilization.” The work of Strout and CHANDLER (1933) 
on Hemerocallis suggests that self-incompatibility there may not have 
its effect until after fertilization, for they find it to be the rule that the 
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reactions of incompatibility are expressed at the entrance to the ovary or 
within the ovary. Stout and CHANDLER do not show, however, that self- 
fertilization actually takes place in these self-sterile day-lilies. 


Gasteria 


Most of the data to be presented were derived from a single self-sterile 
plant obtained from the Harvard Botanic Garden, under the name G. 
verrucosa (Mill.) Haw., var. intermedia Hort. This plant was reciprocally 
fertile with a self-fertile G. Lingua (Thunb.) Berger from the same source 
and with an unclassified, self-sterile plant. A less detailed study of the un- 
classified plant confirmed the general observations on G. verrucosa inter- 
media. In the related genus Haworthia the same general cytological phe- 
nomena of self-sterility were found. 

Self-incompatibility was complete where it occurred. Not one seed was 
obtained from scores of self-pollinations of the G. verrucosa intermedia 
plant during four flowering periods. 

MarsHAK (1934) classes five out of eight Gasteria species as self-fertile, 
suggesting, however, that these five may be merely pseudo-fertile. In view of 
the results obtained in the present investigation, the term pseudo-fertile, as 
used by East and Park (1917), hardly seems applicable to Gasteria species, 
As defined by them, pseudo-fertility refers to the phenomenon of pollen 
tubes which are ordinarily unable to reach the ovules being enabled to do 
so by a combination of environmental conditions promoting their growth. 

Gasteria flowers are proterandrous, so that it is necessary to wait a day 
or more after the pollen of a flower is shed before pollinating that flower. 
Just before the stigmatic cells enlarge and the stigma becomes receptive, 
the style undergoes a considerable elongation. Pollen will not germinate 
if placed on a stigma not yet ready to receive it, nor will this prematurely 
placed pollen germinate when that stigma later becomes receptive. Fresh 
pollen will function, however, if placed on a prematurely pollinated stigma 
after it has become receptive. 

No genetic studies were attempted, because seedlings require several 
years to reach a flowering stage. 

For observations on the growth of pollen tubes, the hollow style was 
split up one side with a razor blade and flattened out in aceto-carmine. 

For study of fertilization, paraffin sections were used. Ovary walls were 
first trimmed with a razor to expose the ovules to the fixative (NAWA- 
SCHIN’S). Iron-alum-haematoxylin was used for staining. Most sections 
were cut at a thickness of 15 microns. 


Tube growth 


Two methods were used in determining whether behavior of incompat- 
ible pollen tubes differs from that of compatible tubes. The first procedure 
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was direct observation of tube growth in different styles compatibly and 
incompatibly pollinated for the same length of time. Discrepancies be- 
tween tube length in styles pollinated with identical pollen at the same 
time were not infrequent, presumably because germination is slower on 
some stigmas than on others. Tube growth is so rapid that differences in 
time of germination are emphasized; the entire style (length about 12 
mm) is traversed in less than six hours. Percentage of pollen germinating 
is as high after incompatible as after compatible pollination, practically 
all grains germinating in either case. No consistent difference could be 
found in the length of time required by compatible and incompatible tubes 
to reach the ovary. Different flowers pollinated compatibly and incom- 
patibly at the same time and fixed at the same time showed, on sectioning, 
no difference in the time when sperms were discharged into the embryo 
sac, nor when fusions of male and female nuclei were completed. 

The second method used to obtain evidence of the comparative growth 
rates of compatible and incompatible tubes was to pollinate flowers with 
various mixtures of compatible and incompatible pollen and count the 
number of seeds set per capsule. If incompatible tubes grow as rapidly as 
compatible ones, presence of incompatible grains amongst the pollen ap- 
plied should reduce the number of seeds produced per capsule. Such a re- 
duction did result, and it was in general proportionate to the percentage of 
compatible pollen used. During one period, however, the set of seed from 
100 percent compatible pollination was approximately as low as that from 
50 percent compatible pollen. Since the set from 50 percent compatible 
pollination was no lower than usual during this period, it may be concluded 
that if a sufficient number of incompatibly fertilized ovules are present, 
no compatibly fertilized ovules abort. If this abortion of some of the ovules 
is due to a limitation of the amount of some necessary substance, then 
incompatibly fertilized ovules do not compete for this substance. 

The consistent reduction from diluting compatible pollen with incom- 
patible pollen is probably not due entirely to incompatible tubes crowding 
out compatible tubes. A count of the emptied pollen grains on one stigma 
showed about 230, which is approximately two and one-half times the 
number of ovules. Even if all tubes from the emptied grains reached the 
ovary, there would be too few compatible tubes in mixtures less than 40 
percent compatible to fertilize all the ovules. This suggests the possibility 
that reduction of seed setting after use of pollen mixtures is due to a cutting 
down of the number of compatible tubes, and not to presence of incom- 
patible tubes which grow as rapidly as compatible ones. If this were true, 
though, the faster-growing compatible tubes would be expected to fertilize 
the top ovules in the ovary, as faster tubes have been shown to do in Da- 
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tura (BUCHHOLZ and BLAKESLEE 1930). No such tendency was apparent 
here. 
Fertilization 

Incompatible fertilization corresponds in all details to compatible fer- 
tilization. The following description applies equally well to both types. 

Tubes may be found entering micropyles six hours after pollination. 
Division of the generative nucleus occurs in the lower part of the style or 
the upper part of the ovary. This division, as shown in plate II, figure 8, 
is characterized by complete absence of any kind of metaphase plate. The 
two daughter nuclei round up into dense, highly chromatic bodies only 
slightly elongated (plate II, fig. 9). The entry of the tip of the pollen tube 
into the embryo sac (plate IT, fig. 10) through the micropyle results in the 
degeneration of the two synergids, although remains of them can be seen 
for some time. 

When the two generative nuclei are discharged into the embryo sac, 
they assume the elongated, somewhat curled shape illustrated in plate IT, 
figure 11. One proceeds to the endosperm fusion nucleus, while the other 
remains near the micropyle with the egg nucleus. The elongated sperm, 
on coming in contact with a female nucleus, rounds up (fig. 13) and then 
flattens out (fig. 14) on the surface of the nucleus with which it is to fuse. 
Within 13} hours after pollination some sperms were already flattening 
out on the female nuclei. The flattened male mass spreads out into a thin, 
irregular layer covering approximately an eighth of the area of the haploid 
female nucleus and about a twentieth of the diploid (the diploid nucleus 
having from two to three times the surface of the haploid). During this 
time there is no appreciable increase in volume of the sperm or change in 
its staining properties. Eventually the male nucleus comes to lie beneath 
the surface of the female nucleus. For a time the remains of the sperm 
may be distinguished as a darker area beneath the surface of the other 
nucleus (plate II, fig. 15). Soon not a trace of the sperm can be found; at 
least it cannot be distinguished from female nuclear material. The female 
nucleus undergoes no apparent change during the fusion process, remain- 
ing in an interphase condition throughout. When fertilization is completed, 
fusion nuclei cannot be distinguished from unfertilized female nuclei until 
time for the first division. There is no apparent precedence of either female 
nucleus over the other in speed of fusion; either may precede the other, 
or both may complete the fusion at approximately the same time. 

The process of fertilization in Gasteria is quite similar to that described 
by Sax (1918) for Triticum, except that in Gasteria the two polar nuclei 
have already fused before the sperm reaches them. Also, there is little 
indication in Gasteria that the chromosomes from the sperm form a sepa- 
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EXPLANATION OF PLATE II 


All figures are from ovaries of self-pollinated flowers of Gasteria verrucosa intermedia. 

FicuRE 8.—Metaphase of division of generative nucleus in pollen tube. X 1100. 

FIGURE 9.—Daughter nuclei soon after division of generative nucleus. Upper one slightly 
dislodged in sectioning. X975. 

FIGURE 10.—Pollen tube entering micropyle. Vegetative nucleus (near tip of tube) and one 
generative nucleus. X 440. 

FIGURE 11.—Sperm lying next to endosperm nucleus soon after entering embryo sac. X 920. 

FIGURE 12.—Much later stage, from prematurely fertilized flower. Fusion has been completed, 
and the endosperm has reached a stage where it consists of six nuclei, of which four are shown, one 
slightly out of focus. The embryo, still one-celled, is at the left, with remains of synergids between 
it and the micropylar end of the embryo sac. X 140. 

FIGURE 13.—FEarly stage in fertilization. The sperms have rounded up on the surfaces of the 
large endosperm nucleus and the small egg nucleus. X 400. 

FIGURE 14.—Later stage in fertilization. The sperms have flattened out on the surfaces of the 
female nuclei. Egg nucleus slightly out of focus. X 46s. 

FIGURE 15.—Still later stage in fertilization. The male nucleus is beneath the surface of the 
egg nucleus, only showing as darker places to the left and top in the photograph. X975. 

FicuRE 16.—Telophase of first division of endosperm. Degeneration of integuments particu- 
larly apparent at top, where some nuclei have disappeared. X 300. 
FicuRE 17.—Endosperm soon after first division. X 650. 
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rate group from the female chromosomes in the first division of the endo- 
sperm. 


Post-fertilization phenomena 


The fusion process is usually completed within the first 30 hours after 
pollination ; then there ensues a resting stage. The first division of the endo- 
sperm fusion nucleus usually occurs within 48 hours after pollination, some- 
times in less than 36 hours. Text figure 4 and plate II, figures 16 and 17, illus- 
trate the anaphase of the first endosperm division, the telophase of the same 
division, and the two-nucleate stage of the endosperm, respectively. De- 
velopment of incompatibly fertilized ovules ceases at this point or earlier. 
Text figure 4 shows that fusion actually occurs after incompatible fertiliza- 





Text Ficure 4.—Side view of anaphase of first division of endosperm, showing the triploid 
number of chromosomes going to each pole. The chromosome at the top just left of the middle 
has apparently been displaced by the sectioning knife. Not all the short chromosomes are shown, 
but twelve long chromosomes can be seen at each pole. The haploid complement of Gasteria is 
four long and three short. X 2600. 


tion and gives the triploid number of chromosomes to the endosperm 
nucleus. 

After compatible fertilization, the endosperm reaches an approximate 
16-nucleate stage in 150 to 200 hours. After the 4-nucleate stage, there is 
little tendency for divisions to occur at the same time throughout the 
embryo sac. The embryo does not reach a 2-celled stage until the endo- 
sperm has 8 to 16 or more nuclei. 

Incompatibily fertilized ovules usually begin to degenerate within 48 
to 96 hours after pollination. If pollination is made as soon as the stigma 
becomes receptive, the endosperm of most ovules reaches the two-nucleate 
stage before degeneration occurs. Counts were made of the numbers of 
two-nucleate endosperms in ovaries in which the ovules were showing 
obvious signs of degeneration. Of two ovaries self-pollinated 72} hours, 
one showed 35 endosperms divided or dividing in 56 ovules in which the 
condition could be definitely determined, and the other had 42 divided or 
dividing endosperms in 53 ovules. The control compatible pollination 
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showed 43 divided or dividing endosperms in 50 ovules. Since the value 
for the second incompatibly pollinated ovary so closely approaches that 
of the compatibly pollinated control, it appears that incompatible pollina- 
tion may result in as high a proportion of fertilized ovules as does com- 
patible pollination. 

There were evidences of degeneration of the integuments of the ovule 
before the contents of the embryo sac showed any sign of degeneration. 
Counts were made of the number of dividing cells in the integuments of 
compatibly and incompatibly fertilized ovules fixed at approximately the 
same time after pollination. 78 hours after a compatible pollination, there 
were 201 dividing cells in one 10-micron section of 40 ovules; and 70 hours 
after another compatible pollination, 128 dividing cells in 21 ovules. Only 
43 dividing cells in one section of 31 ovules and 87 dividing cells in 35 
ovules were obtained for incompatible pollinations of 773 and 713 hours, 
respectively. This slowing up of division in the integuments of the ovule 
before any abnormality can be detected in the embryo sac indicates that 
degeneration starts in the integuments of the ovule rather than in the 
ovule’s contents. 

Ovules degenerate at approximately the same time whether fertilized 
incompatibly or not at all. This fact, coupled with the observation that 
degeneration starts in the integuments, suggests that the fusion nuclei are 
quite capable of further division, but that this division is prevented by 
degeneration of the rest of the ovule, which for some reason is unable to 
develop after incompatible fertilization. Support for this idea is provided 
by a study of flowers pollinated with mixtures of compatible and incompat- 
ible pollen. At the time degeneration starts in the integuments, endosperm 
of incompatibly fertilized ovules is as advanced in development as that of 
compatibly fertilized ovules in the same ovary. At this stage the embryo 
has not yet undergone its first division in either type of ovule. Presence of 
compatibly fertilized ovules amongst the incompatibly fertilized ones has 
no effect on time of onset of degeneration, this occurring before or soon 
after the first endosperm division. 


Premature fertilization 


By means of splicing styles, it was demonstrated that the endosperm 
of incompatibly fertilized ovules is capable of more than a single division. 
By grafting the upper half of a style whose stigma had become receptive 
onto the lower half of the style of a younger flower, it was possible to get 
pollen tubes inside the ovary four days or more sooner than would normally 
occur. After such a premature pollination, those ovules which were fer- 
tilized did not degenerate when the endosperm reached the two-nucleate 
stage, but remained normal until division had gone further (plate IT, fig. 
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12). In one ovary pollinated 176 hours, four ovules were found with endo- 
sperm in an eight-nucleate stage and eleven in a four- to seven-nucleate 
condition. All the rest which could be accurately determined had not 
divided at all, indicating that they were not ready for fertilization when 
the pollen tubes reached them. 

The method of style grafting was adapted from that used by BucHHOLz, 
Doak, and BLAKESLEE (1932) for Datura styles. 

After the grafting experiments had been completed, it was found that 
similar premature fertilization can be obtained by cutting off the upper 
part of the style and pollinating the cut surface of the remaining part. The 
one flower operated on, which was compatibly pollinated approximately 
one day before the stigma would have become receptive, yielded 76 seeds. 
This flower was put in a moist chamber after the operation. 

As stated earlier, ovules are susceptible to fertilization four or five days 
before the stigma becomes receptive; but pollination previous to that time 
is ineffective. Development beyond the eight-nucleate-endosperm stage 
probably cannot be obtained by the premature-pollination method, since 
the above-mentioned 176-hour flower was pollinated nearly as early as 
possible; younger flowers on the stalk, pollinated at the same time, showed 
no sign of having been fertilized. 

There was no positive correlation between the amount of development 
that had proceeded within an ovule and the extent to which it had degen- 
erated. In fact, ovules with developing endosperm tended less to be degen- 
erated than those whose endosperm was not developing, although numbers 
were too small to make this tendency significant. 


Ovule culture 


By removal of self-fertilized ovules and culture of them in nutrient 
solution, development of endosperm was induced to proceed further than 
after premature fertilization. Two types of nutrient medium were used in 
a preliminary trial with compatibly (self-)fertilized ovules of Gasteria 
Lingua put in culture 5} days after pollination. TuUKEyY’s (1933) nutrient 
agar permitted some growth of the ovule as a whole, and the outer integu- 
ment still contained non-degenerated cells 140 hours after the beginning 
of the experiment; but no certain cases appeared, in the small number 
tried, of development within the embryo sac. WuHITE’s (1934) nutrient 
medium gave several instances of further development of embryo and 
endosperm, so it was used for subsequent experiments. 

Trials with compatibly fertilized ovules of Gasteria verrucosa intermedia 
showed them undergoing some development when placed in the medium 
two days after pollination, the earliest test made. At this time the endo- 
sperm of approximately half the ovules had divided once, the other half 
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not at all. Development did not ordinarily proceed much beyond the 2- 
celled embryo stage (approximately 20 endosperm nuclei), although the 
outer integument of the ovule continued to grow for some time after the 
embryo and endosperm had stopped developing and had degenerated. In 
one instance an embryo reached a 15-celled stage. This ovule was put in 
the nutrient medium three days after pollination and left there for seven 
days. 

Of the many incompatibly fertilized ovules which were cultured, only 
one showed good evidence of development subsequent to its removal from 
the ovary. This one, taken from the ovary 54 hours after pollination, had 
a 17-nucleate endosperm after three days in culture. Although the embryo 
had not yet reached a 2-celled stage, this delay is not abnormal. The 
reason that all other ovules of this type failed to develop in nutrient solu- 
tion is thought to be that these had already started to degenerate when 
taken. Ovules are frequently dried up two days after pollination, and even 
though the ones used in these experiments appeared normal, they may ac- 
tually have already started to degenerate. 

Discussion 

Endosperm development proceeds normally after incompatible fertiliza- 
tion in Gasteria, and presumably the embryo is also capable of develop- 
ment, since normal fusion appears to take place. No 2-celled embryos were 
found, but no ovules had gone beyond the stage where the first division 
of the embryo normally occurs. 

Apparently the only process occurring at compatible fertilization which 
is upset by incompatible fertilization is stimulation of the integuments of 
the ovule. After incompatible fertilization the integuments degenerate as 
if no fertilization had occurred. 

From the work of Kostorr (1930) it is known that the entrance of a 
pollen tube into the micropyle of an ovule may stimulate the integuments 
of the ovule to development, even though fertilization does not occur. This 
stimulation is not specific, since it may be given by tubes from plants of 
another genus; therefore, the failure of incompatible tubes of Gasteria to 
stimulate the ovules is presumably not due to a specific lack of the power 
to stimulate. Some reaction between the incompatible pollen tube and the 
ovule must occur at or near the time when the stimulus is ordinarily given, 
which either upsets the stimulating reaction or else exerts a separate, in- 
hibiting effect which offsets the stimulation. The specificity of this re- 
action indicates that it has analogies with immune reactions. The necessity 
for it to coincide in time with the stimulating action makes it likely 
that it is a reaction between the pollen tube and the integuments of the 
ovule. 
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The simplest explanation for the failure of ovule-stimulation at incom- 
patible fertilization is that some reaction of the immune type occurs be- 
tween the pollen tube and the integuments of the ovule which involves the 
substance that would otherwise stimulate the ovule. The same failure of 
the tube to stimulate the ovule could arise through a separate, inhibiting 
effect which offsets the stimulating action; but no indication of such a 
separate effect can be obtained, even though fertilization may be made to 
occur up to a week before the ovule starts to degenerate. This demands a 
perfect balance between the inhibiting and the stimulating effects as to 
strength, and a perfect coincidence between the two as to the time when 
they become effective. 

Although it has been assumed that the incompatibly fertilized egg of 
Gasteria is capable of division, this has not been demonstrated. It does not 
seem probable, however, that inability of the egg to divide could be re- 
sponsible for degeneration of the ovule. Since Kostoff has shown that 
stimulation of the ovule is not dependent on fertilization, the effect of the 
incapacity for division would have to be inhibitory. Such an effect could 
not be due to a reaction between the fusing nuclei, since on any genetic 
scheme explaining self-sterility, the gametes would frequently carry non- 
oppositional factors (in half the cases on the Nicotiana-Veronica scheme) 
and therefore be compatible. Consequently, the inhibitory effect would be 
due to a reaction between diploid ovule tissue and the sperm, and would 
be subject to the difficulties pointed out in the preceding paragraph. Also, 
if the sperm is responsible for degeneration of the ovule, it is probable that 
its reaction with the diploid ovule occurs before fusion rather than after. 

Although there is little support for the idea that the egg fusion nucleus 
is responsible for degeneration of the ovule, it can still be argued that this 
nucleus is incapable of division. It is possible that the incompatible gam- 
etes undergo apparent fusion without actually fusing completely; that the 
two gametes co-exist, unfused, under a single membrane. This could occur, 
on the oppositional factor scheme, if one or the other gamete retained 
some influence of diploid tissue. But it seems scarcely possible that the 
gametes should fuse completely and that the zygote should be incapable 
of dividing. The only satisfactory means by which such a phenomenon 
could be explained genetically would be for the cytoplasm of the egg nu- 
cleus to retain the diploid influence of the megaspore mother cell, and then 
to prevent proper functioning of a zygote which possessed no factor dif- 
ferent from either of the corresponding pair of factors in the cytoplasm. 
Sameness of factors could not be the cause of the upset, since even com- 
patibly fertilized eggs would carry one factor identical with one of those in 
the egg cytoplasm. This sort of reaction would be of a fundamentally dif- 
ferent type from any that has been demonstrated for self-sterile plants; it 
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would be a stimulation by unlike factors rather than an inhibition by like 
factors. 
GENERAL DISCUSSION 
Physiology of self-sterility 

The only satisfactory explanation thus far advanced for the physiology 
of self-sterility is that of East (1929) that the reactions of self-incompati- 
bility resemble those of immunity. EAst’s suggestion was based on the 
following considerations: 

1. The effect of the style on incompatible pollen tubes is probably an 
inhibition of them rather than a failure to stimulate them. Since pollen 
tubes will grow on artificial media containing no protein, growth of com- 
patible tubes in the style must be of a simple, nutritional nature, not in- 
volving special stimulating substances. 

2. The reaction between stylar tissue and incompatible tubes is ex- 
tremely specific, for only S; tubes are inhibited by an S; factor in the style. 

Although the antigen-antibody hypothesis was applied by East only to 
cases where the pollen tube was inhibited in the style, it fits even better 
the several instances now known where pollen germination is affected. It 
might be argued that tubes in the style do receive specific stimulation, 
since the tube growth obtainable in culture is usually much less than the 
distance from stigma io ovules. It can scarcely be said, however, that ger- 
mination of incompatible pollen is prevented by a lack of specific stimula- 
tion, for germination may occur in moist air alone. 

In every case where pollen germination is affected by incompatibility 
(Brassica, Raphanus, Capsella, Pelargonium and Secale) the stigmatic 
cells do not secrete appreciable amounts of fluid. In apples, where incom- 
patible pollen may be prevented from germinating, certain varieties have 
considerable stigmatic fluid; but others have very little, and these are per- 
haps the varieties where incompatible pollen does not germinate. It thus 
appears that germination cannot be affected if much fluid is present on 
the stigma. This phenomenon has two possible explanations: (1) The in- 
hibiting effect is based on a mutual reaction between pollen grain and stig- 
matic cell, for which closer contact is necessary between the pollen and the 
cells of the stigma than occurs on stigmas with large amounts of the more 
purely nutrient fluid. (2) An inhibiting substance is present in cells of the 
stigma, but this substance is so labile that it is rendered ineffective when 
released into the stigmatic fluid. Either of these explanations would account 
for the fact that germination is normal in such plants as Nicotiana and 
Petunia, which have a copious stigmatic fluid, but that inhibition begins 
soon after the tube penetrates into the stigma. Either explanation would 
also account for the numerous instances where it has not been possible to 
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extract any inhibiting substance from incompatible stigmas or styles and 
make it affect pollen tubes in culture. 

It is perhaps a general rule that stigmas which prevent germination of 
incompatible pollen have no stigmatic fluid, but the converse is not true, 
that incompatible stigmas without fluid always prevent germination. The 
inhibiting reaction may be localized in another part of the pistil, and even 
if it occurs on the stigma, it may not be strong enough to prevent germi- 
nation. 

It is conceivable that a pollen tube in the style might be affected by a 
substance produced by a cell with which the tube did not come in contact. 
An inhibitory substance might be stable within the tissues of the style, 
where it is not directly exposed to the air. The substance might not be 
capable of much diffusion in the style, however, since the antigens con- 
cerned in immune reactions, which are the reactions presumably analogous 
to those of self-incompatibility, are protein molecules which would prob- 
ably have difficulty in passing through cell membranes. Postulates de- 
manding considerable diffusion of proteins, nevertheless, are more readily 
acceptable today than they were earlier, because of the recent rapid growth 
of knowledge regarding allergic manifestations. 

When the zone of action of the inhibiting substance is sharply localized, 
as in broccoli, the cause of this localization may be, (1) non-diffusibility 
of the inhibiting substance, (2) lability of this substance such that it loses 
its effectiveness soon after passing from the cell where it was produced, 
or (3) lack of any such substance except as produced by direct interaction 
of the pollen tube and stylar cells. Where the zone of inhibition passes 
gradually into the zone of non-inhibition, as in Secale, the situation can 
be explained by assuming that a diffusible inhibiting substance is present. 
But it can be explained without postulating diffusion by supposing that 
the capacity for an inhibitory reaction varies in different parts of the pistil. 

For Gasteria, where neither pollen nor pollen tubes are inhibited, but 
where the integuments of the ovule undergo no development after incom- 
patible fertilization, it is assumed that a substance carried by the tube 
stimulates the integuments of compatible ovules, but is involved in a re- 
action with integuments of incompatible ovules which prevents it from 
stimulating them. All cases of self-sterility are thus given a similar explana- 
tion, in that the incompatible male gametophyte reacts with certain parts 
of the pistil in a manner analogous to immune reactions in animals. Differ- 
ences in behavior of pollen and pollen tubes thus depend on what part or 
parts of the pistil develop the power of reacting in this way, and on what 
time this power of reaction develops. Bud fertility is due to the inability 
of the pistil to react against the male gametophyte until near the time of 
anthesis. 
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Correlation between taxonomic groupings 
and cytological phenomena 

If self-sterility in all higher plants involves the same type of reaction 
between male gametophyte and diploid female tissue, as has been assumed 
in this investigation, then the only differences that can occur are due to 
differences in the location or strength of the reaction. Such differences 
might or might not correspond to taxonomic groupings. From the fact 
that of all plants thus far examined, in only two close relatives, Gasteria 
and Haworthia, does the reaction occur between pollen tube and ovule, 
it may be concluded that this type is rare in the plant kingdom but that 
it is probably the predominant kind in the Aloinae. 

In several members of the Cruciferae (Brassica oleracea, Raphanus sati- 
vus, Capsella grandiflora and Cardamine pratensis) pollen is inhibited on 
the stigma. This may be true of the family in general. Although incom- 
patible tubes of Brassica pekinensis grow part or all the way to the ovary 
at certain times in the flowering season, possibly pollen is slightly inhibited 
on the stigma even during these periods. 





Self-sterility in animals 
Self-sterility has been described for two animals, Ciona intestinalis 

(CASTLE 1896) and Styela partita (PLOUGH 1933), both tunicates. In Ciona, 
MorGAn (1923) finds that the block to fertilization is in the test cells, 
which are diploid cells beneath the egg membrane not derived from the 
egg. The sperm is unable to penetrate the test cells and reach the true 
surface of the egg. When these cells are removed, normal fertilization 
occurs. While the self-sterility of Ciona has not been subjected to complete 
genetic analysis, the physiological situation appears to be very similar to 
that in plants: A haploid male element is inhibited by diploid female tis- 
sue. This inhibition of the sperm of Ciona can be explained as due to the 
same antigen-antibody type of reaction as was assumed for plants. 

Styela appears at first not to be subject to the same interpretation 
as Ciona, for PLoucr found that the sperm reaches the true surface of the 
egg without being able to enter. However, the cytoplasm of an animal egg 
arises entirely under diploid influence; and the first maturation division 
is not completed in Styela until the sperm has entered. The cytoplasm is 

therefore functionally diploid, and the situation in Styela does not differ 

fundamentally from that in Ciona. 
Self-sterility in fungi 
The Ascomycetes Sclerotinia Gladioli and Pleurage anserina are hermaph- 

roditic and self-sterile, as shown by DRAYTON (1934) and Ames (1934), 

respectively. The incompatibility occurs between two haploid tissues in- 

stead of involving at least one diploid tissue as in the higher plants and 
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in animals, but the genetic situation conforms to the oppositional factor 
theory, wherein an S factor in female tissue inhibits a male element which 
possesses the same S factor. No reason is apparent why this reaction of S 
factors may not be of the immune type. At the same time, it is realized 
that other interpretations are possible. Neither AMEs nor DRAyTON found 
more. than two incompatibility factors in material from several different 
localities. If S: is fertile only to S2, as is indicated, it is possible that S; 
stimulates S, and that the incompatibility of Si and S2 is due to an absence 
of this stimulation. Not enough cytological details are known of the proc- 
esses involved to aid in settling the question. 

From an evolutionary standpoint, self-sterility should be of more im- 
portance to fungi than to the higher plants or to animals. Whereas self- 
fertilization of diploid individuals results in homozygosity only after sev- 
eral generations, in fungi it gives complete homozygosity immediately. 
Thus recombination of factors is prevented at once, and variation thereby 
limited. Homozygosity of the zygote has no advantage to fungi, since it 
cannot aid in eliminating deleterious recessives, as it does in the higher 
plants. Haploidy of the dominant generation produces in the fungi the 
equivalent of complete homozygosis at all times. 


GENERAL SUMMARY 


Self-sterility in all higher plants thus far investigated bears interpreta- 
tion on the basis of a reaction of the immune type between the male game- 
tophyte and diploid female tissue. Differences in behavior of the male 
gametophyte depend on localization of this reaction in different parts of 
the pistil. 

The present investigation permits the following classification according 
to when the incompatibility reaction occurs: 

I. Before the pollen germinates. 
II. While the pollen tube is growing in the style. 

III. When the tube reaches the ovule. 

Group I represents a tendency toward localization of the incompatibility 
reaction in the stigma, accompanied by a lack of stigmatic fluid. In group 
II, the reaction occurs in the stigma or in various parts of the style. In 
group III the integuments of the ovule are concerned in the reaction, which 
prevents the incompatible tube from stimulating them to development. 

Investigation of plants in these groups has provided the following infor- 
mation: 

GROUP I 
A. Brassica oleracea var. italica 


1. Incompatible pollen either does not germinate or else produces but very 
short tubes. Compatible pollen is inhibited slightly. 
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. The inhibitory reaction is confined to the surface layer or layers of the 


stigma. Removal of this region permits self-fertilization. 


. Two series of oppositional factors are probably present, each of which 


is composed of factors of varying inhibitory potency. 


B. Raphanus sativus 


. Incompatible pollen is affected in the same way as in Brassica oleracea 


var. italica. 
C. Pelargonium hortorum 


. Germination of incompatible pollen may be completely suppressed, or 


a few tubes may be produced. These swell and frequently burst soon 
after penetrating the stigma. 


D. Secale cereale 


. Germination of incompatible pollen is poor, and few tubes grow to 


sufficient length for their pollen grains to become empty. Inhibition is 
strongest on lower branches of the style. 


GROUP II 


A. Petunia violacea 


. Most incompatible tubes stop shortly below the stigma, but a few may 


grow nearly to the bottom of the style. 


. Incompatible tubes usually become abnormally thick-walled. 


B. Abutilon hybridum 


. Inhibition is strongest in the stigma and upper style. Incompatible 


tubes swell and burst. 


2. High temperature (30°C) decreases total growth of incompatible tubes. 
. The genetic situation can be explained as due to two main series of 


oppositional factors and several other factors of similar nature but less 
activity. 
C. Nicotiana Sanderae 


. Environment favoring extreme incompatibility results in similar in- 


hibition of tubes which would normally be inhibited to different degrees. 
Tubes are very short, and most are abnormally thick-walled. 


D. Linaria reticulata 


. Incompatible tubes are inhibited in the bottom half of the style. About 


four-fifths of the style is traversed before growth ceases. 


E. Nemesia strumosa 


. Inhibition occurs in the lower style. A few tubes may reach the ovary 


and their tips protrude into its cavity. 








I. 


3- 
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F. Tolmiea Menziesii 


Growth of incompatible tubes appears to be retarded, but a few ovules 
are reached and fertilized. In these, embryo and endosperm develop- 
ment proceeds rapidly, but the number of fertilized ovules is probably 
too small to prevent abscission of the ovary. 


GROUP III 


A. Gasteria 


Incompatible tubes grow as fast as compatible ones and effect fertiliza- 
tion. 

Incompatibly fertilized ovules degenerate at the same time as un- 
fertilized ovules. This occurs before development has progressed beyond 
the binucleate-endosperm stage, but premature fertilization, obtained 
by grafting styles, resulted in endosperm reaching an 8-nucleate stage. 
In nutrient solution one incompatibly fertilized ovule developed a 17- 
nucleate endosperm. 

Incompatibly fertilized ovules are not influenced by the presence of 
compatibly fertilized ovules in the same ovary. 

It appears that an incompatible pollen tube fails to stimulate the in- 
teguments of the ovule; that the substance which would otherwise pro- 
vide this stimulus is prevented from doing so by a reaction of the im- 
mune type between the pollen tube and the integuments. 


The following general conclusions may be drawn: 


Self-incompatibility of the Gasteria type is rare in the plant kingdom. 
Incompatible pollen of Crucifers tends to be inhibited on the stigma. 
Self-sterility in animals has a physiological basis similar to that in the 
higher plants. 

Self-sterility in fungi perhaps depends on a reaction of the same immune 
type as assumed for animals and the higher plants. 
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ANDERSON, EpDGAR, Missouri Botanical Garden and Washington Uni- 
versity, St. Louis, Mo.: Hybridization in Tradescantia.——A method is dem- 
onstrated by which the qualitative categories used in cataloging species are 
turned into a quantitative index. This index may be used for a precise com- 
parison of different hybrid colonies and for analyzing the dynamics of such 
colonies. Three different results of hybridization are illustrated: (1) Production 
of a few ineffective intermediates (7. canaliculataXT. longipes); (2) Back- 
crossing to the predominant parent and its “absorption”? by the hybrids 
(T. canaliculataX T. virginiana) ; (3) Mass-infection of the germplasm of one 
species with that of another (7. canaliculataXT. occidentalis) (T. bracteata). 


Banta, A. M., and Wocp, THELMA R., Brown University, Providence, R.L., 
and Carnegie Institution of Washington, Cold Spring Harbor, N. Y.: The 
accumulation of recessive physiological mutations during long-continued partheno- 
genesis. A vigorous clone of Daphnia longis pina, maintained in the labora- 
tory for 600 generations by parthenogenetic reproduction, has been inbred 
(sexual reproduction) at five different times,—after 279, 378, 442, 477 and 
570 generations of parthenogenesis. Hatchability of the sexual eggs and 
viability of the hatched individuals decreased progressively. Comparison of 
growth and reproductive indices of parthenogenetically produced individuals 
of this clone with those of the animals which hatched from the sexual eggs 
produced by inbreeding (sexual reproduction) of that same clone (in its 57oth 
parthenogenetic generation) shows marked uniformity of the former in con- 
trast to decided variability of the latter. Furthermore, some hatched individ- 
uals developed slowly but attained “normal” size; some developed slowly and 
never attained “normal” size, that is, were dwarfs; some were sterile, or pro- 
duced non-viable parthenogenetic eggs, embryos, or young; others produced 
very few pathenogenetic young; still others produced many or all male young. 
These physiological differences of the hatched animals were transmitted to 
their parthenogenetically produced offspring, thereby establishing physio- 
logically different clones. Recessive physiological mutations, some of 
which are lethal or semi-lethal, are obviously responsible for the above cited 
physiological differences, including reduced hatchability of eggs, non-viability 
of many hatched individuals, variations in their growth and reproductivity 
and in the sex ratio of their parthenogenetically produced young. Such re- 
cessive mutations, occurring in a clone during parthenogenesis, have no effect 
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on the parthenogenetically produced young of that clone and show up only 
in the individuals hatching from sexual eggs produced by inbreeding. 


Baron, A. L., and PowsneEr, L., The First Institute of Podiatry, New York, 
N. Y.: Genetics of bacteria. I—Preliminary studies on the nature of variation. 
A number of variants in colony color and form is readily obtained from a pure 
strain of Staphylococcus aureus by allowing cultures to age. Some of these 
variants revert rapidly to the original or to other variants. Others are stable, 
but will dissociate upon aging. Data are as yet insufficient to determine 
definitely whether these variations are true mutations or reassortments of 
genes or gene aggregates. Sufficient evidence has accrued to throw doubt 
upon Hadley’s “life cycle” theory of variation in this species. A pure culture 
of the bacterium, Serratia marescens, can be dissociated rapidly into a very 
large number of variants upon aging or by exposure to high temperatures. The 
continued selection of such variants led to little change in the potentiality 
for “mutation,” indicating that reassortment of genes is possibly not a factor 
in most cases. In a few variants, notably the lightly pigmented types, “muta- 
tion” virtually ceased following selection. It is suggested that in the latter 
instance the elimination of pigment-producing genes has taken place by assort- 
ment. It is assumed as a working hypothesis, that the profusion of “mutants” 
is not due to an unusual mutability of the genes of the bacterium, nor to a 
direct effect of an unfavorable environment upon the genes themselves, but 
to an adverse selection against the original forms. Future investigation will at- 
tempt to test this assumption. 





BaAvER, Hans, Kaiser Wilhelm-Institut fiir Biologie, Berlin-Dahlem: Are 
the chromonemata in salivary gland chromosomes artificial stress-lines? The 
hypothesis that the salivary gland chromosomes arise by successive divisions 
of the chromonemata of the last telophase chromosomes (KoLtzorFr, BRIDGES) 
is opposed by the artefact-hypothesis (Mertz) which considers the visible 
fibrillae as stresslines induced by stretching the honeycomb-like vacuoles 
caused by fixation in the homogeneous achromatic parts. The following facts 
disprove this argument: (1) The fibrillae are seen in sections (no stress!) as 
well as in smear-preparations. (2) Flattened, not stretched chromosomes may 
be split in sub-bundles. Occasionally, groups of isolated chromonemata can 
be seen each carrying corresponding chromomeres. (3) The fibrillae run al- 
ways in a longitudinal or slightly oblique direction and, in favorable cases, 
can be seen throughout the chromosome, while stresslines should be restricted 
to deformed parts and follow the line of pressure, occurring also transversely 
across the chromosomes. Their course is often spiral which would demand a 
regular torsion on the artefact viewpoint. (4) Heterochromatic parts consist 
of discrete heterochromomeres, mostly not united into discs. This irregular 
arrangement can be seen in living nuclei (Drosophila funebris, slightly hyper- 
tonic medium). The heterochromomeres may be completely isolated, united 
with the euchromatic parts by fine strands. They prove the actual subdivision 
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of the chromosomes and are as irreconcilable with the artefact view as the 
observations on the course of the chromonemata in the euchromatic parts. 
Thus, the salivary gland chromosomes actually are compact (not hollow) 
bundles of chromonemata, derived by somatic pairing of the division prod- 
ucts of the original chromonemata. Whether the visible chromonemata are 
ultimate fibrillae or in themselves multiple structures, is unknown. 


BaAvER, Hans, and DoszHAnsky, TH., Kaiser Wilhelm-Institut fiir Biologie, 
Berlin-Dahlem, and California Institute of Technology, Pasadena, Cal.: 
A comparison of gene arrangement in Drosophila azteca and D. athabasca. 
—tThe cross D. azteca 9 XD. athabasca & produces in F; sterile hybrids 
of both sexes, males being giants with very large wings. The salivary gland cells 
of the larvae of these males are favorable for investigation of the chromosomes. 
Each cell contains two large and thick chromosome strands, which correspond 
to the two limbs of the azteca X chromosome, and ten shorter and thinner 
strands which correspond to the autosomes of both parental species. The Y 
chromosome (coming from athabasca) can be identified as a part of the 
chromocenter containing heterochromatic discs at least some of which pair 
with the discs in the heterochromatic part of one of the limbs of the X. The 
disc patterns in the autosomes of the two species are in general strikingly 
different, reflecting profound differences between the gene arrangements in 
D. azteca and D. athabasca. The only exception is the smallest autosomes 
(which appear as dots in the metaphase plates) in which the disc patterns 
seem to be identical. In other autosomes, groups of discs lying in a given part 
of a chromosome in one species may lie in quite different parts of the same 
chromosome in the other species, indicating that intrachromosomal changes, 
presumably inversions, have taken place in the phylogeny. Likewise, at least 
two cases of groups of discs lying in different chromosomes in the two species 
were observed, showing that translocations have occurred. Finally, long sec- 
tions of the chromosomes of either species show disc patterns which seem to 
be absent in the chromosomes of the other species; this may be interpreted 
either as a result of gene losses in the phylogeny, or, more probably, as a result 
of many consecutive inversions and translocations altering the gene patterns 
beyond recognition. “Repeats,” that is, sections having identical disc patterns 
but lying in different parts of the same chromosome, have been observed in 
some chromosomes in both species. Their occurrence suggests that duplication 
of chromosome sections is also a phylogenetic agent. 


BreErs, CATHERINE V., University of Southern California, Los Angeles, 
Cal.: Linkage groups of Drosophila pseudoobscura, race B. Eleven mu- 
tants were used to construct a preliminary genetic map, 152 units long, for 
the sex chromosome: beaded 1, 2, scutellar, forked, Notch 1, 2, singed, bubble, 
persimmon, sepia, short. Extreme small eye and white eye have not been 
placed as yet. Smoky 1, 2, are dominants linked with cinnabar in the second 
group. Shortened fifth vein is a variable recessive linked to orange in the third 
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group. Curly 1, 2, are dominants not linked to any known mutant and are 
therefore placed in the fourth group. No marker has been found for the fifth. 
The linkage groups of race B are based on those of race A. By breeding tests 
six of the race B mutants proved to have alleles in race A. 


BLAKESLEE, A. F., BERGNER, A. D., and Avery, A. G., Carnegie Institution 
of Washington, Cold Spring Harbor, N. Y.: Distribution of chromosomal prime 
types in Datura stramonium.—Prime type(PT) 1 has been used as standard, 
in terms of which PT’s from nature are interpreted. Modified chromosomes 
of these may be derived from PT 1 by segmental interchange. We now report 
on 583 races from different parts of the world. With the exception of two iso- 
lated races, only 5 PT’s were found. PT 1 is the most common type in U. S. 
and the only type found in Brazil and Japan. With the exception of a single 
race, PT 2 is the only type in eastern Europe and is the exclusive type in Asia 
with the exception of Japan. PT’s 4 and 7 are scattered. Two color forms of the 
Jimson Weed, purples and whites, have been described as distinct species al- 
though differing by a single gene. In view of the known distribution of PT’s, 
the claim that purples were introduced from tropical America seems unlikely. 
PT 2 is in the minority in the U. S. but occurs with white flowers four times 
as frequently as PT 1. We conclude that PT 2 was introduced here in white 
form from Europe or Africa where white PT2’s abound. PT 3 occurs with PT 2 
as the exclusive type in Peru, extending into Chile and Central America and 
meeting there two other species, D. Ferox and D. quercifolia respectively. 
These species show relationships with the PT 2-PT 3 “Peruvian” race since 
both have the four chromosomes characteristic of PT’s 2 and 3. Visible char- 
acters also suggest these species have been derived from the PT 2-PT 3 race 
or vice versa. 


BripcEs, C. B.,and L1, J.C., Carnegie Institution of Washington, California 
Institute of Technology, Pasadena, Cal.and Yenching University, Peiping: Semi- 
homologous inversions in Drosophila melanogaster ——The dominant mutation 
“Curly” was found by L. WARD and was shown by her to carry a crossing over 
suppressor in the right limb of chromosome II and another in the left limb.The 
Curly mutant with its associated inversions is the most widely used marker and 
balancer for chromosome II. StuRTEVANT showed that the Curly inversions 
were not allelic to his previously found Nova Scotia inversions. Other inver- 
sions in IIL, independent in origin of the Curly inversions, were found by 
BripGEs (Inversion-2L-T) and by H. REDFIELD (Inversion-2L-HR). Each of 
these gave free crossing over in the female doubly heterozygous for In (2L)Cy 
and it. But the crossover classes showed disturbances of phenotype and 
viability. This led to the hypothesis that In(2L)Cy and In(2L)T were not 
fully identical but differed slightly in their break points. As a consequence 
crossing over would give rise to deficiencies and duplications with resultant 
disturbances to viability and characters. Cytological investigations of the 
salivary chromosomes of In(2L)Cy showed that its left break follows 22D1 
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(Salivary maps of BripcEs) and the right break follows 33F. Similar studies 
of In(2L)T and In(2L)HR showed them to be apparently identical, with 
break points following 22D3 and 34A8. Both differ from In(2L)Cy by two 
lines at the left break and eight lines at the right break. One of the crossovers 
would thus be at the same time a deficiency for both differences and the other 
a duplication for both differences. 


BucHHO1Lz, J. T.,and BLAKESLEE, A. F., University of Illinois, Urbana, Ill. 
and Carnegie Institution of Washington, Cold Spring Harbor, N. Y.: A gene 
in Datura which is recessive both in the gametophyte and the sporophyte. The 
gene short pollen tube (s-2) which stunts pollen-tube growth in half of the 
male gametophytes derived from a 2n carrier plant, and is therefore not 
pollen-transmissible, may be transmitted in the n+1 gametophytes of the 
appropriate 2n+1 carrier. This gene is known to be located on the 13-14 
chromosome. Since the 13-14 chromosome is one of several which are pollen- 
transmissible as extras by special methods, the cross was made using a 2n 
non-carrier plant pollinated with the pollen of a 2n+ 13-14 s-2 carrier. Among 
the resulting 2n-+13-14 plants several carriers were identified, and in the 
subsequent generation 2n carrier plants were obtained in the usual proportion 
of 1:1 from maternal transmission This gene has also been combined with 
another pollen tube gene s-r, which is located on a different chromosome. An 
$-I carrier was pollinated with the pollen of an s-2, 2n+13-14 carrier and an 
S-I, S-2 2n-+13.14 carrier synthesized, s-z being egg-transmitted and s-2, 
13-14 pollen-transmitted. In the pollen of the latter, both s-2 and s-r pollen 
tubes could be distinguished.—These experiments show that the gene s-2, 
which is a recessive in the sporophytic generation, behaves also as a recessive 
in the gametophytic generation under conditions in which two 13-14 chromo- 
somes are present in the pollen tube, with one of them carrying the dominant 
allele of s-2. 





CARTLEDGE, J. L., Murray, M. J.,and BLaKEsLEE, A. F.: West Virginia 
University, Morgantown, W. Va., Cornell University, Ithaca, N. Y., and 
Carnegie Institution of Washington, Cold Spring Harbor, N. Y.: Effects of 
temperature and moisture on the increase in mutations from aged Datura pollen. 
Pollen of Datura plants of the standard line was stored in desiccators 
over mixtures of sulfuric acid and water, at four temperatures. Pollina- 
tions were made at intervals until after the fertilizing ability of the pollen 
was lost. Fertilizations were obtained at thirty days with pollen stored at 
8°C and 30 percent relative humidity, and after shorter periods for the 
other conditions tested. The plants grown from seed derived from these pol- 
linations were examined for pollen-abortion mutations. Among 1370 plants 55 
such mutations were found; 20 of these were of the gene type, and 35 were 
of the type indicative of chromosome breaks and interchanges. The results 
suggest that at constant temperature and moisture, mutations tend to in- 
crease with the age of the pollen; while at constant moisture and the same age, 
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they increase with increased temperatures. For certain combinations of age, 
temperature and moisture the pollen was killed before the effect on mutations 
could be obtained, while under other conditions more than 15 percent of the 
functioning pollen grains carried induced pollen-abortion mutations. Mu- 
tations of the sort here reported occur in fewer than .5 percent of control 
plants. 


Cuitp, G. P., and ALtBertowicz, T., Amherst College, Amherst, Mass.: 
The effect of Nipagin on the wing size of vestigial of D. melanogaster. It 
was found that the time of development of an isogenic stock was increased 
when the larvae were raised on Nipagin (ethyl para hydroxy benzoate) 
treated food. This suggested a method for increasing time of development at 
constant temperature, a new tool in phenogenetic research. As a preliminary 
experiment the effect of varying concentrations of Nipagin was determined 
on a quantitative character, the wing size of vestigial. An isogenic vestigial 
stock was raised at 28°+0.1°C in food containing 0.05, 0.1, and 0.2 percent 
Nipagin. At higher concentrations the mortality was too high. The right 
wings were dissected off, projected, and their maximum lengths and areas 
measured. With increasing concentrations of Nipagin both the time of de- 
velopment and the wing size were increased. The mean wing size of the males 
showed a greater increase than that of the females, as in temperature studies 
on vestigial. The large wings resembled those of other vestigal alleles raised 
under normal conditions. A random sample of flies raised on 0.2 percent 
Nipagin was cultured for a second generation on untreated food. There was a 
significant “carry over” effect. 





CuiLp G. P., and PLoucu, H. H., Amherst College, Amherst, Mass.: The 
induction of mutations by high temperature in D. melanogaster. Larvae 
raised at 25° were exposed to 36.5°C for a period of 12-24 hours and returned 
to the lower temperature to complete their development. The CIB method 
was used to determine the mutation rate in the X chromosome. The mutation 
rates in the autosomes were determined by using Cy/S or Cy/Pm and SbC/2C 
Dfd to make flies homozygous for heated second and third chromosomes re- 
spectively. With this method the occurrence of every recessive mutation, 
lethal or visible, is exactly determined in the two tested autosomes, just as 
the CIB method shows every mutation in chromosome. The mutation rate 
(number of mutations/number of chromosomes tested) in the X chromosome 
was found to be about 1 percent in both controls and heated lines. In the 
second and third chromosomes the mutation rate of the heated larvae was 
1o percent higher than that of the controls. Most of these were lethal muta- 
tions. The experiment was repeated a number of times with similar results. 
The posibility exists that these lethals were obtained by crossovers from the 
2 C Cy and 2 C Dfd chromosomes into the heated chromosome. This possi- 
bility is now being checked. 
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Cuitp, G. P., and PLoucn, H. H., Amherst, College, Amherst Mass.: The 
rates of autosomal lethal mutations produced by high temperature at different 
periods in development of Drosophila. It has been found that the use of 
Cy/Pm; Sb C/2C H stock mated to tested isogenic +/+ Fla stock to make 
flies homozygous for chromosomes II and III gives a very delicate test for 
lethal mutations. Larger numbers and more significant differences are secured 
than with the CIB method.The larvae were exposed to a temperature of 36.5°C 
for 12 and 24 hours respectively at daily intervals from 2 to 7 days. The 
results are tabulated for demonstration. 





CLARK, FRANK H., University of Michigan, Ann Arbor, Mich.: Two heredi- 
tary types of hair deficiency in the deer-mouse. Two markedly different kinds 
of recessive hair deficiency occur in the deer-mouse, Peromyscus maniculatus. 
The first type arose in the subspecies, gambelii, (SUMNER 1924), and is 
similar phenotypically and histologically to recessive hairless mutations in 
the house mouse and Norway rat. Degenerative changes in the hair follicles 
and sebaceous glands, and lack of formation of the hair clubs (Davin 1932) 
produce complete or nearly complete hairlessness at about 25 days of age, a 
condition which persists throughout life-——The second hair deficiency, “post- 
juvenal nude,” recently appeared in the subspecies, osgoodi. Affected mice 
lose their normal juvenal coats at 15-30 days of age, remain “nude” for about 
two weeks, and finally aquire an adult coat which is nearly normal in color 
and density. The tail and tip of the nose may remain bare throughout life. This 
temporary form of hair defect appears to be due to faulty keratinization of 
the hairs of the postjuvenal coat, causing them to break off at or beneath the 
surface of the skin. 





CREIGHTON, Harriet B., Connecticut College, New London, Conn.: 
White seedlings due to homozygosity of a deficiency in chromosome IX of Zea 
mays. White seedlings occur in progenies of self pollinated individuals 
heterozygous for a deficiency on the short arm of chromosome IX. Since the 
locus of the gene yge (affecting the development of chlorophyll) is lost, and 
since the white seedlings show linkage with C and Sh (genes known to lie near 
the deleted region), it is concluded that they are plants homozygous for the 
deficient chromosome IX. For the first 7-10 days of growth the white plants 
are as vigorous as normal seedlings, indicating that failure to develop plastids 
and chlorophyll may be the only cellular disorder resulting from the absence 
of the small chromosomal region. Cell development in the kernel apparently 
is normal, the expression of the genes A, C, R, Sh, Wx and Y being unaffected, 
and the kernels as large as normal. Prolonging the growth of white plants in 
nutrient culture media has not been successful. This may mean either that 
sufficient sugar is not absorbed or that the deficiency does affect some cellular 
process. The fact that both male and female gametes (and gametophytes) 
function means that cell activities go on normally at these stages. The 
similarity between these white seedlings and other albino maize plants, ex- 
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plained as being due to genes such as w, we, etc., suggests that some “mutant 
genes” may be homozygous chromosome deficiencies. 


DeMeEREC, M., Carnegie Institution of Washington, Cold Spring Harbor, 
N. Y.: A mutability stimulating factor in the Florida stock of Drosophila melano- 
gaster. In 2108 X chromosomes from Florida wild type stock tested by the 
CIB method, 1.14+0.16 percent lethals were found, while in 1627 chromo- 
somes from Swedish-b stock 0.184+0.071 percent lethals were detected, in- 
dicating that lethal mutations in the Florida stock are almost six times as 
frequent as they are in the Swedish-b stock. The presence of the second chro- 
mosome was found to be essential for the increased rate of mutability. Tests 
with individual males revealed that lethals occur in groups and that lethals 
found in the sperm of the same male are in general located in the same 
region of the chromosome and are presumably identical. This indicates that 
the factor responsible for the increased mutability has a higher rate of ac- 
tivity early in embryogeny. Among approximately 10,000 flies examined in 
various experiments in which the Florida stock was used, yellow was found 
20 times and vermilion, lozenge, forked, blistered-wings, curled-up wings, 
and Minute once each. This indicates that this factor in the Florida stock 
increases the frequency of visible changes as well as that of lethals. Changes 
in somatic tissues have not been observed. Tests made with wild stock 
known as Oregon-R, Canton, California-C, and Tuscaloosa showed that all 
of them had a low rate of mutability. 





Dice, LEE, R., University of Michigan, Ann Arbor, Mich.: Variation in the 
white-footed mouse, Peromyscus leucopus noveboracensis. Young white- 
footed mice from breeding stocks taken at a number of localities in the 
eastern United States were reared on a uniform ration to an average age of 
about 1 year (extreme age limits 36 to 78 weeks). All were killed in the 
spring and the skins, skulls, and femurs prepared as specimens. Because the 
mice were reared under practically identical environmental conditions it is 
assumed that the differences in the average measurements of the several stocks 
are due mostly to differences in hereditary factors. There is much variation 
from locality to locality in the measurements of the body and skeleton and 
in the tint photometer readings of pelage color of these mice. Also, the mice 
from three wood lots near Ann Arbor (designated D, St, and W) differ greatly 
in average measurements and in color. Within the limits of one State, as 
Michigan or Indiana, there is nearly as much variation in the average measure- 
ments for each character as there is over the whole section of the area of the 
subspecies here studied. No positive geographical trend is shown for any char- 
acter. This is perhaps correlated with the fact that climatic and other environ- 
mental conditions are relatively uniform over the range of the subspecies. 
The large amount of local variation in the characters of these mice is probably 
correlated in part with differences between the local environments where the 
stocks were secured. Some of the local races may represent chance combina- 
tions of hereditary factors perpetuated by inbreeding. 
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Dorpick, IsaporE, University of Pennsylvania, Philadelphia, Pa.: Multiple 
chromosomes versus differential maturation in sex determination in Habro- 
bracon. Orange eyed females of inbred stock 11-0 were crossed with a 
single closely related orange fused male (11-0 fu) in each of four experiments. 
In each experiment some of the daughters 11-oFu Y/11-0-fu X were crossed, as 
a control, with a single, wild type, closely related male (stock 11) while others 
were crossed with a single, wild type male of unrelated stock (32 or 33). As 
expected from previous work biparental males occurred in the controls, since 
the parents were related; while among the offspring of unrelated males bi- 
parental males were absent and the number of females was greatly increased. 
The female offspring from all the crosses should be either heterozygous for 
orange alone (+/o0) or for both orange and fused (+/o-fu). Breeding tests 
showed the following results. From 11-0-Fu/11-0-fuX stock 11 males, daughters 
were sired as follows: a) +/0, 33; +/o-fu, 14 (26.8+4.4 percent). b) +/o, 
24; +/o-fu 8 (25.0+ 2.4 percent). c) +/o0, 41; +/o-fu, 15 (26.7+3.3 percent). 
d) +/o, 18; +/o-fu, 7 (28+2.2 percent). Significant excess or deficiency of 
females heterozygous for fused is expected on account of sex linkage of fused. 
In this case the mothers were Fu Y/fu X while the stock 11 males were Fu X 
so that only crossover daughters would be heterozygous. However by un- 
related males daughters were sired in corresponding experiments as follows: 
a) +/o0, 89; +/o-fu, 91 (50.1+3.7 percent). b) +/o0, 21; +/o-fu, 16 (43.2 
+8.0 percent). c) +/0, 60; +/o-fu, 58 (49.2+4.5 percent). d) +/o0, 37; 
+/o-fu, 30 (44.7+6.1 percent). Unrelated males thus sire daughters hetero- 
zygous for fu and homozygous wild type daughters in equal numbers by the 
same type of female which exhibits sex linkage of fused when crossed to re- 
lated males. This favors some theory of sex reversal of homeosyngamic 
combinations (X/X or Y/Y) into females, as suggested by SNELL (1935) 
rather than WuHITING’s theory of differential maturation. 





EystTEer, WILLIAM H., Bucknell University, Lewisburg, Pa.: The inheritance 
of plant odors in Tagetes erecta L. A characteristic feature of Tagetes erecta 
L. is an oil gland which is abundantly present in the leaves and secretes an 
oil belonging to the olefine terpene series. This oil gives to the plant its 
pungent odor. A strain from Tibet has relatively few or no oil glands in its 
leaves, but such oil z'ands that are present are unable to secrete the pungent 
oil. The inability to produce the oil is inherited as a recessive Mendelian char- 
acter. 





Ercst1, OrreE J., Carnegie Institution of Washington, Cold Spring Harbor, 
N. Y.: Pollen tube studies in Reseda species. The pistils of Reseda species 
do not have the characteristic angiosperm style or stylar tissue, but only 
stigmatic surfaces imposed upon a “capsule-like” ovary. The ovary is open 
and the ovules exposed, another feature unlike the angiosperm type of floral 
structure. These peculiar features of pistil structure of Resedaceae have raised 
questions as to how pollination and pollen tube growth occurs. This study 
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shows that pollen germinates upon these stigmatic surfaces, and pollen tubes 
grow along the inner wall of the ovary through parietal placenta tissue where 
the attached ovules are reached and fertilized. Pollen germinates within 3 
hours after pollination and the pollen tubes grow from the point of pollen 
germination to the ovule in about 12 or 18 hours, depending upon temperature 
and conditions of humidity. These studies were carried out with the tempera- 
ture ranging from 22 to 25°C. Pollination, pollen tube growth, and subsequent 
fertilization are markedly affected by external environmental conditions. Ob- 
servations upon different plants of the species R. odorata L. show that certain 
plants are self sterile, whereas others are self fertile. This was pointed out by 
DaRWIN (1876) in “The Effects of Cross and Self Fertilization.” No satis- 
factory explanation of the factors involved in self fertility and self sterility 
for this species has yet been given. The procedure for pollen tube studies 
demonstrated here provides a method for further investigation of the problem 
of self fertility and self sterility in R. odorata L. 


FANKHAUSER, G., Princeton University, Princeton, N. J.: The development 
of a haploid (merogonic) larva of the Japanese salamander, Triturus pyrrhogaster. 
Eggs of the Japanese newt, which are normally polyspermic, were divided 
into two parts by means of a hairloop (SPEMANN’s method), between 1 and 23 
hours after insemination. The egg fragment which contains the egg nucleus and 
one or more spermatozoa develops with the diploid chromosome number (24). 
The other egg fragment develops with a sperm nucleus alone, that is, with the 
haploid, paternal set of chromosomes (“merogony”).——Merogonic haploid lar- 
vae have been produced by this method witheggs of European newts(SPEMANN, 
BALTZER, FANKHAUSER), while merogonic egg fragments of the American newt 
have not yet been raised beyond gastrulation (FANKHAUSER). The eggs of T. 
pyrrhogaster are more favorable for such constriction experiments, as these pre- 
liminary experiments indicate. Of four merogonic fragments, one developed 
into a larva which was preserved after 63 days. This merogonic larva was 
haploid as established by chromosome counts in epidermal cells of the ampu- 
tated tail tip. Its development was delayed at all stages as compared with 
diploid controls. At first perfectly normal, it differed later on in the following 
features: stunted growth, shortened lower jaw and gills, smaller and much less 
numerous erythrocytes, slight edema of heart region, which became more 
severe during the last two weeks, and lateral bending of body. As in other 
haploid amphibian larvae, produced by different methods, anemia and edema 
are the most probable causes of the stand still of development. The eggs of 
T. pyrrhogaster appear to be favorable material for a closer investigation of 
the viability of haploid, merogonic larvae. 











FANKHAUSER, G., Princeton University, Princeton, N. J.: The sex of a 
haploid, metamorphosed salamander (Triton taeniatus, Laur.)——Fertilized 
eggs of newts may be divided into two parts by means of a hairloop (SPE- 
MANN 1914). The egg fragment lacking the egg nucleus but containing a 
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sperm nucleus develops with the paternal set of chromosomes alone and may 
give rise to a haploid embryo (merogony). Only a few of the merogonic 
embryos reach an advanced larval stage. A single haploid larva, raised from 
an egg fragment of the European newt, Triton taeniatus, by BALTZER and 
FANKHAUSER (BALTZER 1922), lived for over three months and nearly com- 
pleted metamorphosis. In Triton, sex differentiation is first indicated in 
older larvae by structural changes in the gonads. In a female gonad, the germ 
cells become arranged in a cortical layer, around a central cavity. The young 
testis is a solid structure in which the spermatogonia are scattered. The 
oogonia also differ strikingly from the spermatogonia in the structure of the 
nuclei.—Sections through the metamorphosed, haploid Triton taeniatus show 
that the gonads, like the other organs, are smaller than normal. They exhibit, 
however, all the characteristics of typical young ovaries: central cavity, 
cortical arrangement of germ cells, spireme-like structure of nuclei. Each 
ovary contains a few young oocytes which have reached a diameter of fifty 
to sixty micra. The femaleness of this haploid salamander is in agreement 
with the observations of BrrpGEs (1930) on haploid patches of tissue in Droso- 
phila, which also showed female characteristics, and lends support to the 
theory of genic balance. 








GoopDALE, H. D., Mount Hope Farm, Williamstown, Mass.: Evidence that 
size of head-spot (headdot, Keeler) in the mouse is not controlled by modifiers 
distributed among many chromosomes.——A stock of mice with a large white 
spot on the forehead has been developed by selection from five ancestors, 
each having a few white hairs on its forehead. Unselected descendants are 
like their ancestors. Progressive change under selection is usually referred to 
the accumulation of favorable genes in the selected stock which disperse in 
F, when the selected stock is crossed with a stock lacking these genes. The 
two stocks mentioned above have been crossed with inbred self agouti and 
with each other. Disregarding some minor irregularities, unselected by agouti 
gives self F,’s and segregation in F; in a monohybrid ratio. Selected by agouti 
gives F, with a few white hairs or small spots. F2 consists of 55 selfs, roo mice 
like the Fi’s and 61 mice with spots covering the range of spot size of the 
selected stock at the time the cross was made. Selected by unselected gives 
an F, covering the range in spot size of the selected stock. F: is similar. The 
results of this triangulation indicate that the agoutis carry no concentration 
of modifiers for large spot and that the increase in size of spot in the selected 
stock is not due to the accumulation of freely segregating multiple factors 
distributed among many chromosomes. The possibility that modifying genes 
are localized in one chromosome or possibly more is not excluded. 


GoopaLe, H. D., Mount Hope Farm, Williamstown, Mass.: A study of the in- 
heritance of body weightin the albino mouse by selection. Inherited variation in 
body weight is due presumably to genes distributed among the chromosomes 
of the race. Selection should, therefore, be effective in increasing mean body 
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weight until all the plus genes occur in each individual. An experiment to 
determine the greatest body weight obtainable by selection was begun in 1930, 
using weight at two months of age (two-thirds of adult weight) as the basis 
of selection and mating. The mean weight of males at this age has increased 
from 25.5 grams to 33.9, an increase of 35 percent. Females are in proportion. 
The largest male at two months weighs 43.7 grams, the largest female 39.7. 
Mice kept to maturity show corresponding increases in size. The overlap of 
the curve of variation of early generations with that of to-day is small. The 
limit of increase remains unknown. 


GowEN JoHN W., and. Pricr, W. C., Rockefeller Institute for Medical 
Research, Princeton, N. J.: Viruses and genes. The similarity between 
genes and viruses rests upon certain well defined characteristics. The best 
evidence available indicates that both are single units, perhaps molecules, 
capable of reproducing themselves by accretion of materials from their en- 
vironment, but incapable of reproduction outside of living cells. The effects 
produced on the host by viruses are similar to those produced by some genes, 
for example, variegation or mottling in plants may be caused in one case by a 
virus and in another case by a particular gene under natural conditions. Both 
genes and viruses are capable of mutating to new forms which retain the 
ability to reproduce themselves. Viruses differ from genes in being able to 
move from cell to cell and in being capable of inoculation into the cells of 
healthy plants or animals. The absorption of radiant energy by a gene may 
cause rearrangement so extreme as to be lethal, or it may cause only a slight 
alteration the affects of which are seen in somatic characters. Both types of 
change follow simple exponential curves. The question arises whether exposure 
to radiant energy will cause changes in virus particles which follow the same 
type of curve. The demonstration presents inactivation curves and data on 
mutations in tobacco-mosaic virus samples exposed to X-rays and ultraviolet 
light. 





GREB, RAyMoND J., and GreB, MAGNHILD TorvIik, Pittsburgh Skin and 
Cancer Foundation, Pittsburgh, Pa.: Inbreeding and ratio of spotted-eyed males 
of Habrobracon. Among 104 H. juglandis females, heterozygous for canta- 
loup and white, 10 produced, among their offspring, one or more white-eyed 
males with a small red spot or spots in one eye. Three such spotted-eyed males 
were mated to white stock females and three inbred lines were subsequently 
developed in an effort to determine whether the spots were due to an unstable 
gene and whether modifiers were present which would affect the rate of muta- 
tion. In each generation some of the matings were random brother and sister 
matings but most of them were virgin sister by spotted-eyed-brother matings. 
In line A there were: 528 white and 27 (4.8 percent) spotted eyed males in 
F2; 797 white and 22 (2.7 percent) spotted-eyed males in F;; 758 white and 23 
(2.9 percent) spotted-eyed males in Fy; 175 white and 2 (1.1 percent) spotted- 
eyed males in F;, and 104 white and 6 (5.4 percent) spotted-eyed males in Fy. 
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In line B in F; 3.8 percent of 525 males, in F; 2.6 percent of 827 males, in F, 
3-2 percent of 940 males, in F; 3.5 percent of 479 males and in Fs 2.1 percent of 
92 males were spotted-eyed. In line C 5.4 percent of 403 F2 males, 3.4 percent 
of 633 F; males and o.7 percent of 513 F, males were spotted-eyed. The 
largest percentages of spotted-eyed males appeared in the Fs of line A and the 
F, of line C whereas the lowest percentage appeared in F, of line C. Fluctua- 
tions in numbers of spotted-eyed are, however, small and insignificant. Ap- 
parently the ratio of spotted-eyed males in proportion to white-eyed was not 
changed by inbreeding in this instance. Individuals originally selected may 
have been homozygous for most or all factors involved in determining the 
appearance of this type of spotting which usually colors from one to ten 
ommatidia. An unstable gene of limited activity could produce these infre- 
quent though regularly appearing eye spots. However, other phenomena may 
be involved. 





Hoover, MarGareEtT E., Carnegie Institution of Washington, Cold Spring 
Harbor, N. Y.: A case of inversions in tandem in the X chromosome of D. 
melanogaster. Connected with a lethal change, presumably a deficiency in 
“cut,’”’ two separate inversions occurred, each one having a common breakage 
point at the “cut” locus. The presence of these two inversions was determined 
cytologically, one extending from 3D2 to 7B3, the other from 7B3 to 18D of 
BRIDGES’ 1935 map. These two inversions do not represent one smaller one 
imposed upon a larger one, but rather the order of bands shows the two to be 
separate. It has been impossible so far to determine the deficiency cytolog- 
ically. In its effect, however, this change parallels six other changes in the cut 
region which were determined by cytological methods to be deficiencies. It is 
lethal when homozygous but is not cell lethal. Studies of the other deficiencies 
in this region have shown that “cut” is located one band to the right or left 
of and including 7B3. Genetic tests covering the region from sc to sl gave no 
crossing over. This study suggests, therefore, that as a consequence of X-ray 
treatment a deficiency and the common breakage point for two distinct in- 
versions occurred simultaneously at the ‘“‘cut”’ locus. 





Hoover, Marcaret E., Carnegie Institution of Washington, Baltimore, 
Md.: Correlation between inversion length and synaptic attraction in salivary 
chromosomes of Drosophila melanogaster. Salivary chromosomes of seven 
inversions in the X chromosome have been studied to obtain data on the re- 
lation of synapsis to the inverted and uninverted regions. The inversions used 
are of different lengths and in different positions. Three of those selected are 
the commonly known balancers, CIB (3E2-17A4), delta-49 (4D2-11F3), and 
In A-M (8Cs5-16D4). The other four have been obtained from X-rayed ma- 
terial. One is a double inversion (2F 1-12F3 and 7C1-19A1), two are of medium 
length (7B3-12F3 and 3D2-7B3 respectively), and the fourth is the shortest 
(7B3-10D). Numbers in parenthesis indicate breakage points in reference to 
BRIDGES’ maps. The number before the letter stands for the section of the 
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chromosome. Each section covers approximately one twentieth of the active 
region. A striking feature of the results is the high frequency of complete 
synapsis. In spite of inversion, the X chromosomes are completely synapsed 
in 77 to 89 per cent of cases. The frequency of incomplete synapsis is positively 
correlated with the length of inversion. 


Howtanp, R. B., Grancy, E., and SONNENBLICK, B., New York Univer- 
sity, New York: Interspecific transplantations of wild type and vermilion eye discs 
in Drosophila. BEADLE and Epurusst, as a result of reciprocal transplan- 
tation of wild type and vermilion eye discs in D. melanogaster, have postulated 
the presence of certain diffusible substances on which the course of develop- 
ment of the eye depends. One of these, the vt substance, is found to be neces- 
sary (as a part in a progressive chain reaction) for the production of the wild 
type eye. The mutation of v* into v has resulted in the loss of this substance, 
but when the mutant v eye disc is transplanted into a + host the vt substance 
acts, and the implanted eye is +. Reciprocal transplantations of vermilion and 
wild type eye discs of D. melanogaster, D. simulans, D. pseudoobscura and D. 
virilis give results essentially similar to those obtained in D. melanogaster 
alone. This not only indicates that each species produces a vt substance active 
within the species, but that this substance acts upon the v discs of any of the 
other species. 





Howtanbp, R. B., GLancy, E., and SONNENBLICK, B., New York University, 
New York: Transplantation of larval wing-thoracic discs in Drosophila melano- 
gaster.——Dorsal mesothoracic imaginal discs from four day D. melanogaster 
larvae were transplanted into other larvae of the same age. The method used 
was that recently described by EpHrusst and BEADLE. The stocks of wing and 
bristle mutants included: (1) ey?/ci? in which the fourth and fifth wing veins 
do not reach the wing margins, and the wings are held outspread, and (2) H? 
which shows an extreme absence of bristles but retains the trichopores. Im- 
plants recovered from adult hosts show well developed scutellar, dorso-lateral 
thoracic and wing regions. Since in the implanted wing tissue no veins are 
visible, it was impossible to tell whether this tissue had developed autono- 
mously. However, analysis of the bristle bearing regions of the H* implant 
showed decreased bristle formation and the presence of regularly arranged 
trichopores. Reciprocal crosses (+ discs into H? hosts) likewise showed au- 
tonomous development of the implant, the scutellar and dorso-central bristles 
being easily recognized. Results on bristle-bearing tissues, therefore, suggest 
that these regions may serve as reliable and accurate material for experimental 
interpretation of gene action. No host effects were observed. Further work on 
bristle bearing tissues is in progress. 


Hutt, F. B., Cornell University, Ithaca, N. Y.: Bilateral gynandromor phism 
in a Barred Rock fowl. A living specimen is demonstrated with evidence 
in skeleton, plumage, color of shanks and other characters that it arose from 
early loss of a sex chromosome in a zygote originally male. 
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JEFFREY, Epwarp C., Harvard University, Cambridge, Mass.: A compari- 
son of the somatic and reproductive chromosomes in certain angiosperms. By 
means of an improved technique resulting in a better fixation of somatic 
chromosomes and resembling in fidelity that achieved by the smear method 
in the case of reproductive chromosomes, it has been possible to compare the 
organization of the two categories of chromosomes. As examples of the situa- 
tion Trillium, Tradescantia, Lilium, and Allium have been chosen. Trillium 
is generally recognized at the present time as perhaps the most favorable 
cytological subject where the study of chromosomes is concerned. As a result 
of an improved technique it is clear that the somatic chromosomes resemble in 
detail the conditions found in the case of the reproductive chromosomes. The 
active chromosome here as in the case of the reproductive elements consists of 
two spirals which in the soma run in opposite directions. The crossing points 
of these spirals present an optical illusion in the case of inadequate fixation 
which has been interpreted as the so-called chromomeres or genes. It is further 
clear that in late metaphase and even earlier four chromatids are present, 
representing each one of the original chromosomes. It is thus obvious that 
here as in the case of reproductive chromosomes the second division is antici- 
pated in the metaphase of the first. There appears to be no fundamental dis- 
tinction between the somatic and reproductive chromosomes other than their 
number. One exception, however, should be made to this statement in the 
case of Trillium and Tradescantia. In these genera so far as studied the gyres 
of the spiral chromatids are parallel instead of in opposition in the case of the 
reproductive cells. In general, however, in both somatic chromosomes and 
reproductive chromosomes the gyres of the chromatids run in opposite direc- 
tions. 








Jones, Donatp F., Connecticut Agricultural Experiment Station, New 
Haven, Conn.: Somatic segregation in maize and Drosophila resulting in atypical 
growth, An examination of mature seeds of Zea Mays under low magnifica- 
tion has disclosed many different kinds of mosaics. These may be classified as 
single, paired, and multiple changes, large cells, giant cells, and various com- 
binations of these. In addition to changes in color and texture of the aleurone 
and endosperm there are alterations in cell viability and arrangement resulting 
in depressed areas and in outgrowths. These abnormal growths are some- 
times accompanied by color changes involving known genes and give 
positive proof of unequal mitoses resulting in atypical growth. In Drosophila 
melanogaster the sex-linked, lethal-7 gene has appeared in mosaic tissue in 
adult females accompanied by forked-5 bristles as a marker and has resulted 
in pigmented tumors and in outgrowths. 





KavurMann, B. P., University of Alabama, University, Ala.: Chromosome 
studies on Drosophila ananassae——The somatic complement consists of 
three pairs of V-shaped autosomes and the sex chromosomes. In salivary gland 
nuclei, as noted by KixKawa, only six chromosome strands radiate from the 
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chromocenter. It has been found that four of these are the arms of the two 
pairs of larger autosomes, the other two the arms of the X chromosomes. The 
shortest pair of autosomes present a unique aspect in the salivary nuclei, 
since they are represented solely by a heterochromatin mass which forms part 
of the chromocenter. In prophase ganglion cells of female larvae the nu- 
cleoli are located subterminally in the long arms of the shortest autosomes, 
and separate a small chromomere-like satellite from the bulk of the chromo- 
some. Salivary gland nuclei likewise show the nucleolus in intimate contact 
with the portion of the chromocenter representing the shortest autosomes. The 
satellite in these preparations appears as a small, banded body in contact with 
the nucleolus. Crosses between the Tuscaloosa and a Japanese stock of 
D. ananassae produce hybrids whose salivary chromosomes show two inver- 
sions, one in each arm of one of the larger autosomes. 








KING, R. L., and Beams, H. W., State University of Iowa, Iowa City, Iowa: 
Ultracentrifuging as a possible means of causing chromosome aberrations —— 
The various components of living cells in the “resting” stage may be displaced 
and stratified by use of the ultracentrifuge. The displacement of the nucleolus 
and chromatin to the centrifugal pole of the nucleus is one of the most striking 
effects of such centrifuging. In embryonic chick cells and in Paramecium the 
chromatin may be completely separated from the achromatic matrix of the 
nucleus. Such a concentration of the chromatin might be expected to break 
down the chromosome vesicles or other structures whereby the continuity and 
individuality of chromosomes is preserved. However, in Paramecium, the 
separated chromatin of the (macro)nucleus regenerates the achromatic por- 
tion and divides normally. In dividing cells of chick embryos the chromosomes 
have been broken and displaced from the spindle which has been distorted by 
centrifuging. Similar results have been obtained in the cells of the root tip of 
germinating wheat, which frequently recovers. In cells centrifuged during the 
anaphase both daughter groups of chromosomes are displaced centrifugally 
into one end of the cell and the phragmoplast is moved out of position. Such 
a condition probably results in tetraploidy. Due to the large number of 
chromosomes present it has been impossible to determine whether the chro- 
mosome fragments which have broken from the spindle persist as such or reor- 


ganize to their original structure. This subject is being further studied in more 
favorable material. 


LamoreEvx, W. F., and Hurt, F. B., Cornell University, Ithaca, N. Y.: 
Genetic resistance to deficiency of vitamin B, in the chick. Comparative re- 
sistance of White Leghorn and Rhode Island Red chicks to deficiencies of 
Vitamin B, was determined by feeding a standard chick ration previously 
autoclaved five hours at 248°F. Mean ages in days at death in three separate 
trials including 47 Leghorns and 49 Reds were respectively as follows: (1) in 
chicks on deficient diet from hatching, 12.8 and 10.8; (2) in those given normal 
feed on the third day only, 22.1 and 16.9; (3) in those having normal feed to 
































ABSTRACTS 199 


two weeks, deficient feed thereafter, 35 and 29. In a fourth trial comprising 59 
Leghorns, 39 Reds and 38 Barred Plymouth Rocks, which received deficient 
feed after three weeks of age, the percentages surviving were at eight weeks of 
age 50.8, 23.1 and 15.8, at seventeen weeks 30.5, 12.8 and zero, respectively. 
Most of the chicks which died showed typical symptoms of avian polyneuritis. 
Controls thrived on the same feed, not autoclaved, experienced no mortality 
to 3 weeks of age and only 3.6 percent to 17 weeks, with no significant breed 
difference in mortality. In each of the four trials the Leghorns showed greater 
ability to survive upon a ration deficient in Vitamin B; than did the Reds. 
The association of this physiological character with the morphological char- 
acters comprising the White Leghorn breed cannot be explained by artificial 
selection for it, and does not seem attributable to a pleiotropic effect of any 
character used in establishment of the breed. 


Marcotts, O.S.,and RoBertson, C. W., New York University, New York: 
The temperature-effective period for facet determination in wild type Drosophila. 
Data on the effect of temperature on facet number in a highly inbred wild 
type stock of D. melanogaster are presented. Over the temperature range 16° 
to 30° there is a slight decrease in facet number with increase in temperature, 
although the temperature effect is not systematic. In the interval 18° to 25° 
there is no clearly perceptible effect of temperature. The temperature- 
effective period for facet determination (T.E.P.) was established by transfer- 
ring flies from 28° to 18° at 2 to 6 hour intervals during the entire egg-larval 
period. In both sexes the T.E.P. is initiated at the beginning of development of 
the zygote, and terminates at 95 hours of development in the male and shortly 
after 98 hours in the female. The termination of the T.E.P. coincides approxi- 
mately with the mean time of puparium formation in this stock. The early 
portion of the T.E.P. curves are characterized by a rise in mean facet number 
above the control level, until about 22 hours of development. This represents 
the approximate duration of the embryonic period in development. After 22 
hours, the T.E.P. curves show a general downward trend, although there are 
a number of irregularities in the curves not attributable to sampling error. 
These irregularities in the curves are interpreted as the expression of a number 
of separate processes affecting facet number during the T.E.P. The early part 
of the T.E.P. is characterized by the occurrence of facet-forming processes, 
while in the later portions of the T.E.P. “facet-destroying” processes pre- 
dominate. 














McBripE, T.F., Harrison, W. J., and Wotr, E. ALFRED, University of Pitts- 
burgh, Pittsburgh, Pa.: A contribution to the study of hereditary oligodontia inman. 
Oligodontia is the congenital absence of a varying number of teeth. It was 
possible to trace the inheritance of this anomaly through four generations of a 
family, of which eleven members were known to have shown the abnormality. 
Four members of the two youngest generations were thoroughly examined by 
the authors; casts and X-rays were obtained. In the maxillae, the second in- 
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cisors (except in one case), both of the premolars, and the third molars were 
missing; in addition, in one member a right cuspid and right second molar 
were missing. In the mandibles, the second premolars and the third molars 
were missing; in addition, in one member a right second incisor was missing, 
in another the second incisors and the second molars were missing, and in a 
third member the 1st premolars and the second molars were also missing. It 
appears that the occurrence of oligodontia in this family was similar and fol- 
lowed a more or less general trend, that is, the teeth most commonly missing 
were the upper second incisors, both upper premolars, the lower second pre- 
molars, and the third molars. 


McCurntock, BARBARA, Cornell University, Ithaca, N. Y.: The production 
of maize plants mosaic for homozygous deficiencies: Simulation of the bm, pheno- 
type through loss of the Bm, locus ——In two separate cases, two mitotically 
functional chromosomes, a deficient rod-shaped chromosome and its reciprocal, 
a small ring-shaped chromosome, were produced from a single chromosome-V 
by means of X-ray treatment (RHOADES and McCLINTOCK, 1935). Beginning 
at the spindle fiber attachment region, the section of the short arm composing 
the ring and inversely the piece lost from the rod was 1/20 and 1/7 the length 
of the normal chromosome respectively and included the locus of the Bm 
gene (allele of bm, brown mid-rib, producing a brown color in the lignified cell 
walls). The larger ring-chromosome is characterized by frequent losses from 
the nuclei during mitotic cycles and less frequently by changes in size resulting 
in duplications and deficiencies. When two deficient rod-chromosomes, the 
smaller and the larger, plus the larger ring-chromosome which covers both 
deficiencies, are present in a plant, loss of the ring will give rise to tissues 
homozygous deficient for the region represented by the smaller deficiency. 
Changes in size of the ring should produce tissues homozygous deficient for 
sections within the limits of the smaller deficiency. Five types of homozygous 
deficient tissue have been distinguished. Through total loss of the ring: brown 
cell walls, colorless plastids, poor growth capacity. Through changes in size 
of the ring: (1) brown cells walls, green plastids, good growth; similar in detail | 
to tissue produced by the normal bm; gene. (2) Colorless cell walls, colorless 
plastids, normal sized cells, good growth capacity. (3) Colorless cell walls, 
colorless plastids, small cells, excessive proliferation at external surfaces. (4) 
Same as (3) but with brown cell walls. 


MacKnicut, R. H., Columbia University, New York: Crossing-over in 
Drosophila pseudoobscura hybrids. LANCEFIELD, studying interracial hy- 
brids in D. pseudoobscura, measured crossing over between the sex chromo- 
somes of the two races in F; hybrid females, and in females of successive back- 
cross generations. He found that crossing over in females resulting from re- 
peated backcrosses was much less than in F; females. It is suggested that the 
high value in the F; female is due to the presence, in heterozygous condition, 
of the two autosomal inversions by which the races differ. Such an effect would 
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be expected, since it has been shown by SturTEVANT, and by Morgan, 
BRIDGES, and SCHULTZ, that crossing over in one chromosome is increased by 
the presence of a heterozygous inversion in another. Backcrossing would 
make these inversions homozygous, and crossing over in the X would decline 
correspondingly. In the present experiments F; females gave about 24 
percent recombination between Pointed and bubble (most of the crossing over 
in the X takes place in this region), while F; and F, females heterozygous for 
neither autosomal inversion gave about 4 percent. F, females heterozygous for 
neither autosomal inversion show as little recombination in the X as F; and 
F, females; F; females with both show as much as F; females, or more; Fe fe- 
males with one or the other show an intermediate amount. 





Marsuak, A., Deaconess Hospital, Boston, Mass.: The structure of somatic 
chromosomes. Chromosomes in root tips of seven genera of plants show 
essentially the same structure. At metaphase each chromosome contains four 
chromonemata, each of which pursues a helical path Hi. Pairs of Hi are wound 
about each other in more or less helical paths Hg in the anaphase chromosome. 
Variation of the fixation technique collapses Hi and eventually obliterates it, 
producing the KAUFMANN-SHARP type of fixation image. The Hi helices re- 
main independently coiled throughout telophase and resting stage. There is 
no uncoiling in these two stages though there may be slight increase in pitch. 
It is therefore unnecessary to assume molecular rearrangements to produce 
“spiralization” of an initially straight chromosome thread. The principal 
changes in the pitch of Hi and the diameter of the cylinder about which it is 
coiled occur in the prophase. Chromosomes retain their telophase arrangement 
in the resting stage, additional loops (“superspirals”) not appearing till pro- 
phase. Fixation results cannot be explained unless a chromosome matrix ma- 
terial is present. The criteria of “chromosome and chromatid breaks” alone are 
inadequate for determining whether the chromosome is single or two-parted 
in the resting stage. Results with X-rayed and normal chromosomes can be 
explained only on the assumption that they are at least two-parted in the rest- 
ing stage and undergo division at the onset of prophase. Since the minimal 
functional unit of the chromosome at all stages is a pair of chromonemata, 
four-strand crossing Over may occur at synapsis or immediately thereafter. 
Together with the data obtained from meiotic chromosomes of Gasteria these 
results further indicate that the “precocity theory” of meiosis is untenable, 
unless applied to chromosomes that are already two-parted on entering 
meiosis. 





Metz, CHARLES W., and LAWRENCE, ELizABETH Gay, Carnegie Institution 
of Washington, Baltimore, Md.: Structure of salivary gland chromosomes in 
Sciara, Structural details of salivary gland chromosomes in Sciara, and 
certain structural differences in salivary chromosomes of racial or species 
hybrids in Sciara, are illustrated by means of photographs and slides. Condi- 
tions in normal living chromosomes are compared with those in material fixed 
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in various different ways. Effects of mechanical distortion on structural de- 
tails are illustrated. These seem to indicate that in Sciara the longitudinal 
striations sometimes visible in the chromosomes are not chromonemata. 


NEBEL, B. R., and RuttiLe, M. L., New York State Agricultural Experi- 
ment Station, Geneva, N. Y.: Chromosome structure. A comparative study 
of the history of chromonemata in Tradescantia, Trillium, Hordeum, Secale, 
and Dissosteira (Orthopteran) was made. In all these organisms the history 
of the chromonemata is essentially the same. During mitosis the chromosome 
at all stages contains four threads arranged in pairs. The ultimate unit is the 
half-chromatid, which excepting at telophase is closely approximated to its 
mate, forming the chromatid. The union of half-chromatids appears as a 
physiological as well as a morphological one, since X-rays will break half- 
chromatids individually only when the dosage is relatively high. Multiplica- 
tion of threads occurs at metaphase. In meiosis the leptotene thread is four 
partite, although optically it may appear double or even single, because the 
elongation reduces its diameter. Members of a tetrad are eight-partite at first 
metaphase only in Trillium, and become visibly eight partite during first ana- 
phase or telophase in Tradescantia, Hordeum, Secale, and Dissosteira. There 
is no further multiplication of threads during second metaphase so that the 
chromosomes of the second anaphase contain four threads again. 





PAINTER, T.S., and GrIFFEN, ALLEN B., University of Texas, Austin, Texas: 
The originand structure of the salivary gland chromosomes of Simulium virgatum. 
This form is unusually favorable because the chromosomes are large and 
the component parts are not so closely united by somatic synapsis. In the liv- 
ing unruptured nucleus one can see the longitudinal strands (chromonemata), 
thus validating the fixation image. From our study the following conclusions 
are warranted: In the earliest stage we find simple chromomeric chromosomes. 
Each homologue is split and the halves twist about each other. After somatic 
synapsis, the homologues, in turn, twist together in a slow spiral. The four 
elements now divide a number of times; as a result the giant (synapsed) 
chromosome consists of four bundles of chromonemata. As the chromonemata 
divide, the contained chromomeres show three types of behavior. (1) Some, 
usually the larger ones, do not separate completely. They press tightly together 
and form double “‘bands”’ as explained below. (2) Some divide and separate a 
few times and subsequently the daughter chromomeres adhere in clusters. 
This gives the dash-like “bands.” (3) The very small chromomeres usually 
divide and separate completely giving the dot-like areas. All but the tiniest 
chromomeres show a hull of chromatin surrounding an achromatic vesicle, 
which often (always?) shows one or more minute chromatic dots. When large 
chromomeres are pressed together tightly, the chromatin of the hulls is forced 
to the two ends where it appears as a double band separated by a narrow 
achromatic zone in which the vesicular walls can be seen. There are thus two 
types of achromatic areas in the giant chromosomes; one is made up of 
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chromomeric threads connecting the chromomeres (bands), the other formed 
by the achromatic vesicles. Some of the largest chromomeres are compound. 
Each chromomere has its own chromomeric thread; the image seen depends on 
the character of the “bands.” Two dot-like bands are connected by parallel 
threads. When chromomeres are compound, or are clumped, one observes that 
many lines converge to and away from the area giving the impression of a net- 
work. In euchromatic areas, there is a strict regimentation of the chromomeres, 
but in heterochromatic zones, the organization is less precise, and somatic 
synapsis appears to exert less force. 


PLoucu, H. H., and Cuitp, G. P., Amherst College, Amherst, Mass.: 
Specific effects of high temperature in inducting non-inherited variations in D. 
melanogaster. Larvae were exposed to 36.5°C and 40°C for varying dura- 
tions during different periods of development. A number of different stocks 
were used. Many “heated” flies showed characters simulating the expression 
of known genetic factors. Such characters as forked, Bristle, Hairless, scute, 
rough eyes, vestigial, Curly, and many others were obtained. A number of 
these characters were specific for the time of heating and the stock used, and 
others were more or less generally distributed. A table of these preliminary re- 
sults giving the time of heating, stock used, and characters obtained are shown. 
When tested for mutations, only one, abnormal abdomen, showed the phe- 
nomenon of parallel induction. The other variations tested were not inherited. 





Prioucu, H. H., and HottHausen, C. F., Amherst College, Amherst, Mass.: 
A case of high mutation frequency in Drosophila without environmental change. 
From a single linkage test cross derived from a mating of Florida Sel No. 
10 wild type by black-purple-curved three blistered wing females were iso- 
lated. These mutant flies were’ inbred to normal sibs and the inbreeding was 
continued for seven generations at room temperature. About 175 cultures with 
about 30,000 individuals were examined in the four months beginning January 
8, and during that time about 35 visible variants were tested. Of these six 
turned out to be mutations, and six others were sterile, suggesting genetic 
determination. Thus for this strain a mutation frequency of three to six times 
greater than the usual rate of “spontaneous” mutation was recorded. The case 
is of interest in connection with SPENCER’s recent suggestion (1935) that mu- 
tating periods occurred coincidently in tests of mutations in D. funebris and 
D. hydei. In the case here reported more than 100,000 flies were being exam- 
ined for mutations in the same laboratory, without any increase in mutation 
frequency during the period in question. 





Priovucu, H. H., Curip, G. P., and Branc, R., Amherst College, Amherst, 
Mass.: The effect of high temperature on the expression of heterozygotes in D. 
melanogaster. Larvae and pupae of wild type, heterozygous 1-ple, 2-ple 
and 3-ple, were exposed to 36.5°C for varying durations during different peri- 
ods of development. Many “heated” flies showed characters simulating the ex- 
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pression of known genetic factors. Heterozygous scute, cross-veinless, forked, 
dumpy, plexus, and others expressed themselves under the influence of the 
high temperature. A number of these charactérs were specific for the time of 
heating and the genotype used, and others were more or less generally dis- 
tributed. 


Potter, J. S.,and MAcDowELLt, E. C., Carnegie Institution of Washington, 
Cold Spring Harbor, New York: Malignant lymphocytes from perivascular 
reticular cells in mice of a leukemic strain.——In the inbred strain C58 go per- 
cent of mice over six months old die of Leukemia. The earliest observed mor- 
phological change in “preleukemic” mice of this strain resulting in typical 
lesions of lymphatic leukemia is a hyperplasia of perivascular reticular cells in 
various organs. There is no general hyperplasia of normal lymphoid tissues. A 
progressive loss of the syncytial arrangement of the reticular cells and increase 
of free undifferentiated types is followed by the production of typical lymphoid 
cells. In older lesions cellular increase is apparently due to division of the 
lymphoid cells, with cessation of differentiation from more primitive cell 
types. The fundamental histological change resulting in formation of malig- 
nant leukemic cells may be restricted to a single focus or numerous foci may 
be observed in a single animal. Tissues of Storrs-Little and Bagg Albino mice, 
inbred strains of mice resistant to the development of spontaneous leukemia, 
do not show these changes. 


Poutson, D. F., Carnegie Institution of Washington, -Baltimore, Md.: 
Embryology of Drosophila———The development of the Drosophila embryo 
within the egg is similar to that of many higher Diptera. With the exception of 
the gonads the larval and imaginal tissues of D. melanogaster are derived from 
the blastoderm which encloses the yolk. From the ventral portion of the 
blastoderm the endoderm, the mesoderm, and much of the hypoderm, as well 
as the nervous system, are formed. The anterior and posterior portions con- 
tribute respectively to the fore and hind guts and their derivatives. The dorsal 
side of the blastoderm gives rise to a portion of the hypoderm as well as to 
the transitory embryonic membranes. The complex series of changes by which 
this blastoderm is transformed into the young larva is illustrated by figures and 
diagrams. 


RaBrnow1Tz, Morris, New York University, New York: Studies on the 
cytology and early embryology of the egg of Drosophila melanogaster ——The 
development of the egg of D. melanogaster, through the stage at which all the 
pole cells have come off, has been studied in detail. Cytological investigations 
of the yolk nuclei and of the pole cells have also been made. The pole cells 
arise as the result of protrusions of the odplasm of the posterior end of the egg. 
These begin to form during interkinesis of the ninth cleavage. At this stage, 
the egg nuclei have already reached the polar granule region of the egg. As 
long as there is protoplasmic continuity between these protrusions and the 
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remainder of the egg, the nuclei in them are at the same stage of mitosis as 
those in the egg proper. However, as soon as these protoplasmic buds pinch 
off completely, this synchronization is lost. The nuclei in these newly formed 
pole cells differ as to stage of mitosis not only with the nuclei of the egg proper, 
but also among themselves.——-A study of the synchronization of the mitoses 
of the nuclei of the syncytial egg has been made. As a result of the study of 
eggs fixed by puncturing them in fixing fluid at various levels, it has been con- 
cluded that, up to the ninth cleavage,all the nuclei of the egg undergo mitosis 
synchronously.—The yolk nuclei regularly undergo an amitosis. This occurs 
during the tenth cleavage of the nuclei that have reached the periphery of the 
egg. The centrioles of the yolk nuclei divided during this amitosis. The prod- 
ucts of the amitosis undergo an abortive mitosis and finally degenerate com- 
pletely ——The effect of temperature on the rate of cleavage of the syncitial 
nuclei of the egg, has been studied. The temperatures used were 24°C, 29°C, 
30°C. A definite increase in rate of cleavage occurs at the higher temperatures. 
A table of the stages at which the eggs are at particular stages and at the 
above temperatures, has been drawn up. 


Ross, R. Cummrnec, College of Medicine, Syracuse and Strong Memorial 
Hospital, Rochester, New York: The relative frequency of inheritable disorders 
in children. Disorders of presumably genetic origin are together approxi- 
mately as numerous as any other single disease recorded in hospitalized chil- 
dren. Over eight hundred such conditions were diagnosed among the first 3660 
patients admitted to the pediatric service during the five years, 1926 to 1931. 
All infants under two years are included, but thereafter, to the age of fifteen, 
surgical, dental and ophthalmological cases are attended elsewhere and are 
not represented in these tabulations. Furthermore, minor characters of little 
clinical significance, (such as colour-blindness), and those not readily diag- 
nosed (such as spina bifida occulta, which may occur in about 50 percent of 
normal children) are more often ignored.——The most common are: hernia 
(umbilical and inguinal in about equal numbers), mental retardation 115, 
eczema 78, “epilepsy” (idiopathic) 63, assorted anomalies 56, asthma and hay- 
fever 40, strabismus 39, marked mental deficiency 39, congenital heart disease 
36, hypothyroidism 21, tumors (?) 20, extreme obesity 20, testes undescended 
17, pyloric stenosis 16, hydrocoele 16, childhood diabetes 15, “club-foot” (?) 
13, cleft palate 10, hydrocephalus 10, etc., total 865. Among the infectious 
diseases otitis media was diagnosed 830 times, hypertrophied tonsils 733, ton- 
silitis 681, pneumonia 552. The U. S. and British army war-draft statis- 
tics give first place to defective refraction, with hernia and hemorrhoids next 
and substantial agreement on the relative frequency of the other disorders 
mentioned. 











ROBERTSON, CHARLES W., New York University, New York: Experimental 
verification of metamorphic phenomena in Drosophila. Tissues were trans- 
planted into four day old larvae by the technique described by EpHrussi and 
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BEADLE. The experiments seem to bear out conclusions arrived at by histolog- 
ical methods. When Malpighian tubules or fragments of them from either 
larvae or adults were transplanted into larvae, they remained apparently in- 
tact throughout metamorphosis and were recovered from the resulting ima- 
goes. They seemed to remain functional, for excretory crystals accumulated 
and were transported toward the ampulla as they normally are. When a 
small portion of the hind-gut, including the portion identified as its imaginal 
ring was transplanted, a length of hind-gut was found to be regenerated. In 
one case the regenerated tube became attached to the hind-gut just anterior 
to the rectal glands. Rectal glands were never found to be regenerated. If a 
small portion of the mid-gut were included in the transplant, the regenerated 
structure recovered from the imago was found to contain a small fragment 
identifiable as the “green body.” Evidently the hind-gut is produced during 
metamorphosis by proliferation from the imaginal ring at its anterior end and 
it is not involved in the formation of the “green body.” Salivary glands of 
young larvae were transplanted into four day old larvae. When the imaginal 
ring was included in the transplant, structures of varying appearance were re- 
covered from the imagoes. The recovered glands contained in their lumina the 
cast off chitinous intima which could not be withdrawn since it had lost its 
connection with the exoskeleton. The cells of these glands appeared to be some- 
what intermediate between larval and imaginal cells. They are being investi- 
gated histologically. 





RILEY, HERBERT PARKES, Tulane University, New Orleans, La.: H ybridiza- 
tion in a colony of Tradescantia. Fifty-two plants of Tradescantia were 
found growing on a railroad right-of-way at Micheaud Crossing outside New 
Orleans. This entire region is inhabited generally by T. hirsutiflora (n=12), 
T. canaliculata (n=12) and T. paludosa (n=6). A casual examination of this 
population of fifty-two plants indicated that natural hybridization had been 
taking place; for few corresponded to any one of the species in every detail. 
Therefore, a character analysis was made. The following characters were ex- 
amined on each plant and recorded as being identical with one of the species 
or as intermediate between any two of them: node number, leaf color, pedicel 
color, pubescence of pedicels, pubescence of sepals, stem height, leaf shape, 
and number and arrangement of stomata. The situation was found to be much 
more complicated than that recently reported by EpGAR ANDERSON for col- 
onies of hybrids between 7. virginiana and T. canaliculata. The present in- 
vestigation showed that the group of fifty-two plants contained a few plants of 
T. paludosa (diploids), many of T. hirsutiflora (tetraploids) showing more or 
less contamination with 7. canaliculata, and a few plants of T. hirsutiflora 
(triploids and tetraploids) showing some contamination with 7. paludosa. 
The barriers which tend to separate the two tetraploid species are weak and 
intercrossing occurs frequently in this area, but crossing is uncommon between 
T. paludosa and either of the tetraploids; the high sterility of the triploid 
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progeny from such crosses reduces to the minimum the possibility of back- 
crossing. 


RussELL, W. Lawson, University of Chicago, Chicago, Ill.: Am analysis of 
the action of color genes in the guinea pig by means of the Dopa reaction. An 
attack on the problem of tracing the steps from gene to pigment was made by 
treating frozen sections of skin with buffered dioxyphenylalanine and noting 
the degree of reaction obtained in the hair bulbs and basal layer of the epi- 
dermis. The technique used was found to be reliable, the result produced in 
each genotype being clear-cut and repeatable. Sections representative of the 
more important gene combinations were compared. The biochemical informa- 
tion thus obtained is of interest in any attempt to elucidate the intermediate 
effects of the genes here studied. The scheme presented by WricutT as the 
simplest hypothesis accounting for the final effects is examined in the light of 
these findings. 





SATINA, SopHIA, and BLAKESLEE, A. F., Carnegie Institution of Washing- 
ton, Cold Spring Harbor, N. Y.: Microsporogenesis and division in the pollen 
grain of triploid Daturas. The assortment of chromosomes was studied in 
1000 pollen mother cells during the first meiotic division. Orientation of 
chromosomes approached a random distribution deviating from the expected 
binomial curve in showing an increase toward the rn and 2n classes of nuclei. 
Of the 2000 nuclei resulting from the first meiotic division of 1000 pollen 
mother cells, 4.45 percent showed one or more lagging chromosomes. Of the 
800 nuclei resulting from the second meiotic division in 200 pollen mother cells, 
4.63 percent showed one or more laggers. This detachment of chromosomes 
during reduction division slightly shifts the curve mentioned above to the left. 
Apparently all microspores divide. 500 counts of divisions in the pollen grains 
show that division occurs regardless of size and number of chromosomes. The 
data show a stronger shift of the curve toward the classes of microspores with 
smaller number of chromosomes. The size of microspores has no constant re- 
lation to the number of chromosomes they contain. However their average 
size increases with the increased number of chromosomes. The abortion of 
microspores begins at various stages of growth after division is completed. 
Some of the surviviig pollen grains undoubtedly belong to the non-viable 
classes. 





SCHWEITZER, Morton D., California Institute of Technology, Pasadena, 
Cal.: The aerobic respiration of single Drosophila pupae. The oxygen uptake 
of individual pupae of Drosophila melanogaster was measured in micro- 
respirometers. Five hours after the eversion of the spiracles, the rate of oxygen 
consumption at 25.00+0.04 is 3.0 cu mm per hour. This falls steadily to a 
minimum of 0.9 cu mm per hour, which occurs at 22-24 hours. This minimal 
rate is maintained until the pupae are nearly 70 hours old, after which the 
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oxygen consumption rises to nearly 3.0 cu mm per hour at hatching, which 
occurs at about 96 hours. The total oxygen uptake for the entire pupal period 
is about 125 cu mm. These values, both for the rate and total respiration, refer 
to the female. For males, the values are approximately 20 percent less. 


Scott, ALLAN C., Union College, Schenectady, N. Y.: The unipolar “divi- 
ston” in Micromalthus.—In unipolar first spermatocyte division in the beetle 
Micromalthus debilis Lec. the chromosomes after collecting at one side of the 
cell move completely across to the other side where a new nucleus is formed. 
There is but one centriole and but 1o elongating half spindle fibers. No con- 
tinuous or interzonal fibers are present in the division. 


SHOWALTER, Hiram M., King College, Bristol, Tenn.: Mosaic flowers and 
mutable genes in Mirabilis jalapa L—Unstable genes, ym and rm, of M. 
jalapa have been investigated. Frequently they mutate to the dominant al- 
lels, Y and R. Changes of ym to Y, with some variations, occur throughout the 
developmental stages of the plant, but are expressed principally in the pro- 
duction of mosaic, or self-colored mutant flowers. With some genotypes red 
variegations are produced on the staik. Some evidence indicates that there is 
a correlation between the environment of the plant and the prevalence of ym 
mutative changes. It is suggested that certain environmental conditions affect 
the gene environment, thus giving seasonal modifications of the mutation 
rate. The gene rm was obtained from homozygous 7 stocks. Mutations of rm 
to R occur in the late developmental stages of the flower, giving flowers with 
small marks. Mutation frequencies have been determined: (1) by computing 
the frequency on the calyx tube of mutant versus non-mutant stamens, ym 
has 19.00 percent, and rm has 10.10 percent of mutant tissue in the flower; 
(2) by detecting the percentage of mutant versus non-mutant gametes which 
are produced, as reflected in the offspring of mosaic plants, ym gives 22.40 
percent, and rm gives 10.11 percent of mutant tissue. No evidence of germinal 
mutations was found. The gametes transmit to offspring the mutations which 
occur prior to gamete formation. 


SHULL, A. FRANKLIN, University of Michigan, Ann Arbor, Mich.: Embry- 
onic determination and the production of intermediate-winged aphids ——In one 
strain, more intermediates were produced in intermittent than in continuous 
light, in every combination with other conditions. In intermittent light, more 
intermediates were produced at 14° than at 24°C. Other factors had less regu- 
lar influence on production of intermediate wings. In another strain, inter- 
mittent light nearly always yielded more intermediates than did continuous 
light, while other environmental factors had less definite effects. In both 
strains, the greatest production of intermediates did not accompany the 
greatest production of winged aphids. The former strain produced many times 
as many intermediates as did the latter———If there is a sharply defined 
turning-point in development and a precise time of determination of each 
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organ, intermediates should be mosaics in which each distinguishing struc- 
ture of the winged aphid is either fully developed or wholly lacking. Such 
sharp definition in at least one of these thresholds seems inherently unlikely; 
moreover, most of the intermediates have one or more of the structures 
partially developed. Partial development of the organs could result from a 
widening of the turning-point to a band limited by thresholds of stimulation 
of beginning and completed development, or from a spread of the determina- 
tion over a period of time, or from both of these expansions of the boundaries 
between the two types of individual. There would seem to be more room for 
a wide spread of stimulation levels than of times of determination, and a wide 
spread is necessary to account for the very different prevalence of inter- 
mediates in different strains. 


SmitH, H. H., U. S. Bureau of Plant Industry, Washington, D. C.: “Re- 
versal of dominance” in crosses between Nicotiana rustica and N. tabacum. 
Indeterminate or mammoth growth habit is a recessive character in tabacum 
controlled mainly by a single gene. Mammoths were crossed with five dif- 
ferent determinate plants segregating from “[(rustica var. pumila X tabacum, 
not mammoth) X rustica var. brasilia] selfed.” All individuals in the Fi crosses 
from four of these plants were determinate; but 10 of the 76 individuals 
from the crosses with plant no. 2 were mammoth. Lagging univalents occur 
in the reduction division of plant no. 2 and the other four segregants; and, 
as a result, some germ cells do not receive a full set of chromosomes. If the 
chromosome containing a dominant allele of the mammoth gene is lost, it is 
reasonable to suppose that an Fj, resulting from a cross between this germ 
cell and a mammoth, would be mammoth. This is believed to be the best 
explanation for the apparent reversal of dominance. A similar phenomenon is 
encountered in cases of deficiency in Drosophila and maize. Since mammoths 
do not appear in the F; crosses from four of the above-mentioned segregates, 
it is probable that in these plants the chromosomes containing the mammoth 
locus pair and disjoin normally. Another possible explanation is that an 
interaction between modifying genes in certain combinations and the mam- 
moth locus permit the expression of this recessive factor in the heterozygous 
condition. Since the F: (N. rustica var. brasiliaX N. tabacum, mammoth) is 
determinate, the appearance of mammoths in crosses with plant no. 2 cannot 
be due to a dominant “reaction system” of tabacum over rustica, nor to a less 
potent allele of mammoth in rustica. 





SNYDER LAURENCE H., and CotreRMAN, Cuas. W., Ohio State University, 
Columbus, Ohio: Further extensions of the gene-frequency method of analysing 
human inheritance. By an extension of the gene-frequency method it has 
been found possible to test the hypothesis of double recessive inheritance 
involving one autosomal and one sex-linked gene substitution. Two methods 
of analysis are suggested, their applicability depending upon the conditions of 
ascertainment of the families collected. In either case it is supposed that we 
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have, in addition to the family histories, a knowledge of the proportions of 
affected men and of affected women in the population from which the families 
were gathered. From the latter numbers we may employ the Method of 
Maximum Likelihood in estimating simultaneously the frequencies of the four 
genes in the population, from which are obtained estimates of the proportions 
of affected offspring foreach family type. When families arecollected wholly 
at random, that is, without regard to their composition, the expected off- 
spring ratios are derived by considering the frequency of each parental geno- 
type combination among all possible matings of parents of the given types. 
In the case of families selected because they contain affected members, the 
Proband Method or preferably the Sib Method must be used to correct the 
observed proportions of affected offspring for the necessary omission of 
families in which no affected sons or daughters occur. These observations 
are compared with the expected values, calculated by considering the relative 
frequencies of such parental genotype combinations as are capable of produc- 
ing affected children. Use of the latter method has been made in testing 
data on harelip and cleft palate. 








Stout, A. B., New York Botanic Garden, Bronx, N. Y.: Some results of selec- 
tive breeding with Hemerocallis. Two species of H. fulva and H. aurantiaca, 
have anthocyanin pigments in the face of the flowers. Only one clone of each 
species was available when this breeding began and in these the flower colors 
are faint or dull fulvous and not especially attractive. Both clones are self- 
incompatible and yield no seeds when the two are cross-pollinated. But each 
clone was hybridized with certain yellow-flowered species and then certain 
of the two progenies were hybridized. Thus chromosomes from each of the 
two fulvous clones were obtained in various proportions in the progeny. On 
account of self-incompatibilities further breeding involved cross-pollinations 
between plants which were cross-compatible. The first and second genera- 
tions had flowers either paler than either of the fulvous parents or no darker 
than the more fulvous one (H. fulva clone Europa). The plants which showed 
the greatest degrees of fulvous coloring were used as parents in further breed- 
ing and in the fifth generation a series of 16 plants was obtained all of which 
had dark mahogany red pigmentation in the face, except for the throat, and 
on the back of both petals and sepals. The later progenies obtained by cross- 
ing sister plants of this series gave only plants of this decidedly new type. In 
this case various complementary factors which intensify the anthocyanin 
pigments and extend their formation in the floral parts were brought together 
by hybridization and selection. By proper selective breeding this new factorial 
association became more and more homozygous which further intensified 
the pigmentation especially in a “climax” progeny.——The results obtained in 
the breeding work with daylilies, exemplified in the origin of a dark red type, 
show that in this genus decidedly new types of horticultural merit are to be 
obtained when hybridizations, especially those that involve three or more 
species, are followed by selective breeding. 
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STRANDSKOV, HERLuF H., University of Chicago, Chicago, Ill.: Differences 
in internal organs of two highly inbred stra'ns of guinea pigs. The internal 
organs, namely, the thyroid, heart, lungs, liver, spleen, kidneys, and adrenals 
of two highly inbred strains of guinea pigs (Fam. 2 and Fam. 13) were com- 
pared with respect to weight, certain linear measurements, and general ap- 
pearance. Members of Family 13 are somewhat larger than those of Family 
2,—weighing from 100-200 grams more. The thyroid of Family 2 is longer but 
lighter in weight; the heart, lungs, and liver are lighter (no measurements 
were taken); the spleen is longer and heavier; the kidneys and adrenals are 
heavier although about the same in length. In general appearance the adrenal 
and the spleen of the two families are strikingly different. One can almost 
without fail determine the family by a glance at either the spleen or the 
adrenal. Sex differences in the internal organs were also noted. 





WarMkE, H. E., Seton Hall College, South Orange, N. J.: Cytology of the 
Pacific Coast Trilliums. The chromosome numbers of the four Pacific Coast 
Trilliums, T. ovatum, T. chloropetalum, T. petiolatum, and T. rivale are n=5; 
2n=10. Each chromosome is distinguishable from the other members of a 
complement by size and shape; thus at mitotic anaphase there are a pair of 
J’s, a pairof knobbed chromosomes, and three pairs of more or less symmetrical 
V’s, a large V, and intermediate V, and a small V. These same five funda- 
mental chromosome types are found in all four Pacific Coast species; how- 
ever, minor variations in gross chromosome morphology such as presence or 
absence of satellites, relative size of complements, or slight differences in 
ratio of arm lengths usually make it possible to differentiate between these 
species. With regard to internal structure, metaphase chromosomes are 
quadripartite, anaphase and telophase chromosomes are double in mitoses of 
root tip and microspore. Anaphase and telophase chromosomes of the last 
premeiotic division in the anther are similar to ordinary mitotic chromosomes 
in being composed of two twisted chromonemata. Leptotene threads are 
optically single at the time of synapsis, but are probably genetically double 
because of the*doubleness observed in chromosomes at the last premeiotic 
telophase. Chromosomes at the first meiotic metaphase are probably eight- 
partite. Spiral structure is continually evident in Trillium from late meiotic 
prophase through second meiotic telophase. 








WENstTRUP, Epwarp J., St. Vincent College, Latrobe, Pa.: The effects of 
change in atmospheric pressure on mutation rate in Drosophila. One of the 
ever changing environments is atmospheric pressure. Since not all mutations 
in nature can be accounted for by the effect of rays and heat, changes in at- 
mospheric pressure were used on the ClB/eosin, vermilion, forked stock of 
Drosophila to determine its effect upon the lethal mutation rate. The flies 
were subjected to different changes in atmospheric pressure, at varying in- 
tervals, and for periods of one day to entire life spans, from egg to adult. Of 
the 7475 females tested 176 showed lethalson the X chromosome, .0235 + .oo12. 
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—Other effects of the change in atmospheric pressure were crossing over in 
the X chromosome in the CIB females, and a number of visible mutations, ten 
in all, affecting the wings, legs, body color, and eye color. The treatment 
seems to produce its effect first upon the cytoplasm and this later produces a 
change in the chromatin. Wild untreated males mated with CIB females that 
had been treated 6 to 8 generations before and not since produced 18 lethals 
in the X chromosome out of 868 females tested. These lethals were located 
all along the X chromosome, with a few duplications. The CIB/eosin, 
vermilion, forked showed the highest lethal rate. The CIB/Florida stock had 
a very low lethal rate after treatment. Only seven lethals occurred in 2571 
tests, none appeared in the 827 controls. The CIB/na showed six lethals in 
735 untreated females, but when this same stock was subjected to constant 
vacuum none appeared in 558 tests. 























BUREAU OF HUMAN HEREDITY 
115, Gower Street, London, W.C.1, 
England. 


The object of this Bureau is collection on as wide a scale as possible of 
material dealing with human Genetics. Later, the tasks of analysis of material 


and distribution of the information available will be added. 


The Bureau is directed by a Council representing medical and scientific 
bodies in Great Britain. It is affiliated to the International Human Heredity 


Committee, which ensures co-operation in all areas where research is proceeding. 


The Council would be grateful to receive all available material from Insti- 
tutions and individuals, furnishing well-authenticated data on the transmission 
of human traits whatever these may be. Pedigrees are particularly desired; twin 
studies and statistical researches are also relevant. As research workers and 
others who send in material may in some cases wish to retain the sole right of 
publication (or copyright) those who so desire are asked to accompany their 


material with a statement to that effect. 


Material should be given with all available details in regard to source, 
diagnostic symptoms and the name and address of the person or persons who 


vouch for accuracy. All such details will be regarded as strictly confidential. 


Reprints of published work would be most acceptable. Further, many authors 
when publishing material may also have collected a number of pedigrees which 
they have been unable to reproduce in detail. It-is the object of the Council that 


such records, by being included in the Clearing House, should not be lost. 


Those wishing for a copy of the Standard International Pedigree Symbols 


may obtain one from the office. 


Announcements in regard to the services undertaken by the Bureau will be 


published from time to time. 


Chairman: R. Ruggles Gates. 


Executive Committee: R. A. Fisher, J. B. S. Haldane, E. A. Cockayne, J. A. 
Fraser Roberts, L. E. Halsey (Hon. Treasurer), 
C. B. S. Hodson (Hon. Gen. Secretary). 




















Verlag von Gebrider Borntraeger in Berlin W35 





Handbuch der Vererbungswissenschaft erauszezeden 


von E, Baury und M. Hartmann 


Lfg. 


1 ((III, 


2 (III, K): 


3 (II, C): 


wn 
— 


7 (il, A): 


8 (I, C): 


9 (II, E): 


10 (II, D): 


11 (I, E): 


2 (II, L): 


3 (III, I): 


14 (I, G): 


$ (it, L): 


16 (III, Du. F): 


17 (I, I): 


8 (III, J): 
19 (I, H): 
20 (III, E): 


21 (II, B): 


Au. C): 


Bisher erschienen: 

Entwicklungsmechanik und Vererbung bei Tieren von W. Schleip. Mit 32 

Abbildungen. 

PartielleKeimesschadigungen durch Radium und Réntgenstrahlen von Paula 

Hertwig. Mit 51 Abb. (130 S.) 1927 Einzelpreis geheftet 12.— 

Entstehung der Haustiere von B. Klatt. Mit 15 Texta»b. und 1 Zeittafel. 
Einzelpreis geheftet 9.40 


Bestimmung, Vererbung und Vertellung des Geschlechtes bei den héheren 
Pflanzen von C. Correns}. (138 S.) Mitt 77 Textabbildungen. 1928. 
Einzelpreis geheftet 12. 


Das Inzuchtproblem von H. Federley. (42 S.) Mit 2 Textabb. 
Individualstoffe, Heterostylle von E. Lehmann. (43 S. ) Mit 6 Textabbildun- 
gen. 19238. Einzelpreis geheftet zus. 7.20 


Die cytologischen Grundlagen der Vererbung von Karl Belary. 
bildungen. (412 S.) 1928 


Mit 280 Ab- 
Einzelpreis geheftet 50.— 


Fortpflanzung und Befruchtung a, ag der Verebung von M. Hart- 
mann. Mit 90 Abbildungen. (LV u. 104 S.) 1 Einzelpreis geheftet 12. 


Artbastarde bei Pflanzen von O. Renner. Mit 83 Abbildungen. (1V u. 162 S.) 
1929 Sinzelpreis geheftet 17.50 


Variations- und Erblichkeitsstatistik von F. Bernstein. Mit 7 Abbildungen. 
(1V u. 96 S.) 1929 Einzelpreis geheftet 9. 


Verteilung, penne, wae Vererbung des Geschlechts bei den Protisten 


und Thallophyten von M. Hartmann. Mit 88 Abbildungen. (IV _ u. 116 S.) 
1929 Einzelpreis geheftet 15.— 
ans und Vererbung des Geschlechts bei Tieren von Emil Witschi. 
The State University of lowa. Mit 95 Abbildungen. (IV u. 116 S$.) 1929 
Einzelpreis geheftet 12.50 
Abbildungen. (IV u. 69 S.) 


Dauermodifikationen von J. Hammerling. Mit 31 
1929 Einzelpreis geheftet 7.50 


Apogamie und Parthenogenesis bei Pflanzen von O. Rosenberg. (66 S.) 1930 
Einzelpreis geheftet 8.50 


Phylogenie der Tiere von A. Naef. Mit 77 A! »bildungen, (200 S.) 1931 


Sinzelpreis geheftet 21.— 


Multiple Allelle von Curt Stern. Mit 45 Abbildungen. (145 S.) 1931 


Einzelpreis geheftet 17.50 


Entstehung der nee von E. Schiemann. Mit 96 Abb. u. 65 Tab. 
(IX u. 377 S.) 193 finzelpreis geheftet 50.— 


Konsequenzen on A tease fiir die Pflanzenziichtung von E. Baur?. 
Mit 2 Abb. (30 S 
Abb. (43 S.) 1932 


Rassenhygiene (Bugenik) von F, Lenz. Mit 1 
Einzelpreis geheftet zus, 9.— 


Geschlechtsgebundene und 407" Vererbung von Bjérn 
Féyn. Mit 61 Abb. (IV u. 122 S.) 193 Einzelpreis geheftet 13. 80 


Phylogenie des Menschen von Th. Mollison. Mit 101 Abbildungen (1V u. 
104 S.) 1933 Einzelpreis geheftet 16.— 


Faktorenkoppelung und Faktorenaustausch von Curt Stern. Mit 141 Abb. 
(VII u. 331 S.) 1933 Einzelpreis geheftet 45.— 


1 Abb. u. Kurven. (VIII 
Einzelpreis geheftet 37.50 


Genetik —_ Dsante von C. Kronacher. Mit 61 
u. 280 S.) 1 


Artbastarde bei Tieren von P. Hertwig. Mit vielen Textabbildungen 
nter der Presse 


Bei Subskription auf das vollstandige Handbuch ermaBigen sich obige 





Einzelpreise um 20%. 








Ausfiihrliche Prospekte kostenfrei 




















» » METRON « « 


is the only International Review of Statistics 


« « METRON » » 


accepts original articles on statistical methods and on the applications of statistics to the 
different spheres of activity, and reviews or discussions of results obtained by statistical 
method in various fields of science. 


CONTENTS 
Vol. XII - N. 4 30-IX-1936 
C. GINI. Dell’ influenza che il raggruppamento delle singole modalita esercita 
sul valore di alcuni indici statistici nel caso di serie sconnesse ............ Pag. 3 
H. KG@EPPLER. Das Wahrscheinlichkeitsgesetz zweier wahrer einander zugeord- 
neten Fehler und einige mit diesem zusammenhiangende Betrachtungen ... + 35 


S. KULLBACK. A note on the multiple correlation coefficient ™ 


S. KOLLER. Die Analyse der Abhaengigkeitsverhaeltnisse in zwei Korrelations- 


SE Kn Sera etcd Chbcten se 6ncn 965.045 06d5ENCREDRADESEEROCE WS ESTAS ae 73 
G. PIETRA. Andreas M. Andréadés, Carl V. L. Charlier, Emanuel Czuber, 

George Knibbs, Lucien March. yin CSO nonin 0600 086s ski cctuceee “ 107 
SED 6 4:4:50 646K 6 ev eraceeescJcenatut euseqagkadrababadees i netabder ete - 121 


« « METRON » » 


is published four times a year. The four numbers making a volume of 700 to 800 pages in all. 
Subscription price: 100 + lire for complete volume, 30 + lire for single numbers. The whole 
set of METRON consisting from Vol. I to Vol. XI, can be obtained exceptionally at 1100 
Lire. Business correspondence, including subscriptions, should be addressed to: 


AMMINISTRAZIONE DI “METRON”—ISTITUTO DI STATISTICA della 
R. Universita = ROMA—Via delle Terme di Diocleziano, 10. 























PROCEEDINGS OF THE SIXTH INTERNATIONAL 
CONGRESS OF GENETICS 


A summation of the most recent advancements in the sciences of genetics 
has been published in two volumes of 801 pages. Volume II, 405 pages 
contains the condensed specific papers presented in the general sessions of 
the Congress and brief descriptions of the exhibits. Volume I contains the 
invitational papers given by leading geneticists throughout the world arranged 
under the following general topics: 


. Contributions of genetics to the theory of organic evolution. 
. Interrelations of cytology and genetics. 

. Mutations. 

. Genetics of species hybrids. 

- General genetics. 


Vth wn 


The subscription price is $12. The volumes are not sold separately. The 
publishers have no reprints of the articles. 


All orders should be sent to 


GENETICS 
Brooklyn Botanic Garden, 1000 Washington Ave., Brooklyn, N.Y., U.S.A. 





























MARTINUS NIJHOFF — PUBLISHER — THE HAGUE 








A. 


GENETICAL PERIODICALS 


GENETICA 


Ed. Pror. Dr. Trine Tames, Dr. M. J. Sirxs and Dr. W. A. 
GoppDIJN. 

Will publish original articles in Dutch, English, French and 
German and referata of the more important current literature. 
1933. Vol. XV.+570 pages with plates, coloured and black. roy. 
8vo. Price fl. 24.—annually. 

Vol. I and II bound in cloth at fl. 50.—; Vol. III—IX and XI— 
XIV bound in cloth, at fl. 25.—per volume. 

Vol. X. 1928. 2 vol. — 1 vol. of text and 1 vol. with 11 coloured 
plates. Price bound in cloth, 30 guilders. 


BIBLIOGRAPHIA GENETICA 


Ed. Pror. Dr. Tine Tames, Dr. M. J. Sirxs and Dr. W. A. 
GopDIJN. 

Will publish, in about 10 volumes of approximately equal size, 
numerous articles tending to cover the complete genetic litera- 
ture from 1900 to the end of 1923; new volumes reviewing also 
the most recent papers. Now ready: 

Vol. I. 1924. 470 pages. With illustrations. roy. 8vo. 

Vol. II. 1925. 478 pages. With illustrations. roy. 8vo. 

Vol. III. 1927. 464 pages. With illustrations. roy. 8vo. 

Vol. IV. 1928. 500 pages. With illustrations. roy. 8vo. 

Vol. V. 1929. 486 pages. With illustrations. roy. 8vo. 

Vol. VI. 1930. 474 pages. With illustrations. roy. 8vo. 

Vol. VII. 1932. 645 pages. With 8 coloured plates and 197 figures. 
roy. 8vo. 

Vol. VIII. 1931. 422 pages. With illustrations. roy. 8vo. 

1932. 434 pages. With illustrations. roy. 8vo. 

Price per vol. in cloth fl. 25.—. 


RESUMPTIO GENETICA 


Ed. Pror. Dr. Tine TaAMMes, Dr. M. J. Sirxs and Dr. W. A. 
Gopp1JN (with the assistance of numerous correspondents in dif- 
ferent countries). Will publish, at regular times, referata of all 
accessible forthcoming literature on genetics and also as complete 
lists of the genetic literature of the world as obtainable. 

Vol. I. 1925—1926. 478 pages. In cloth fl. 25.— 

Vol. IT. 1926—1928. 495 pages. In cloth fl. 25.— 

Vol. III. 1928—1929. 485 pages. In cloth fl. 25.— 

Vol. IV. 1929—1930. 464 pages. In cloth fl. 25.— 

Vol. V. 1930—1931. 486 pages. In cloth fl. 25.— 

Vol. VI. 1931—1932. 480 pages. In cloth fl. 25.— 

















Statistical Studies in Genetics and Human Inheritance 


ANNALS OF EUGENICS 


Edited by R. A. FISHER 
Founded by K. PEARSON 


Vol. VII, Part III will contain articles by 


R. A. FISHER M. A. MAC CONAILL AND F. L. RALPHS 
W. G. COCHRAN H. F. SMITH 

M. N. KARN K. MATHER 

V. V. BUNAK G. H. DANIEL 


Subscription, in advance, 50s. per volume 
Four quarterly parts, obtainable separately at 15s. each, from 


THE GALTON LABORATORY 


UNIVERSITY COLLEGE, GOWER ST., LONDON, W.C.1 




















THE WISTAR INSTITUTE 
STYLE BRIEF 


Containing 170 pages, 23 text figures and 37 plates, 
published in 1934. 


This guide for authors, in preparing manuscripts and drawings for the most ef- 
fective and economical method of publishing biological research, has been prepared 
by the Staff of The Wistar Institute Press and the cooperative efforts of more 
than fifty editors concerned in the editing of journals published by The Wistar 
Institute, and presents the concensus of opinion on many points relating to the 
mechanical preparation of manuscripts and drawings for the printer and engraver. 
Due attention has been given to the relative costs of various methods of reproduc- 
ing tables and illustrations with a view to reducing the costs of publishing papers. 

The work has been revised, rewritten and enlarged since the first copy was pre- 
pared and submitted to editors, in order to offer as much information and illus- 
trative material on the subject as is possible within reasonable limits. 

It will save authors much time and expense in preparing papers for publication 
and tend to expedite the publication of research. 


Price $2.00 


Address THE WISTAR INSTITUTE OF ANATOMY AND BIOLOGY 
Woodland Avenue and Thirty-sixth Street, Philadelphia, Pa. 























JOURNAL of GENETICS 


Edited by 
R. C. PUNNETT 
AND 
J. B. S. HALDANE 


Founded in 1910, the Journal of Genetics is the only British 
periodical devoted to the publication of original research in 
Heredity and Variation. Up to December, 1935, thirty-one vol- 
umes have been completed. The illustrations form a feature of the 
series, for, in addition to numerous text figures and diagrams, the 


twenty-nine volumes contain 667 plates, of which 138 are in colors. 


Many of the papers published deal with animals and plants 
of high economic value, and are therefore of interest to those 


concerned with agriculture and horticulture. 


A full index of Vols. XIII-X XIV was issued with the last part 
of Vol. XXIV. 


The Journal of Genetics is published in parts, of which three 


form a volume. Approximately two volumes are issued annually. 


The Cambridge University Press has appointed The Univer- 
sity of Chicago Press agent for the sale of the Journal of Genetics 
in the United States of America, and has authorized the follow- 
ing prices: Annual subscription $10.00 net; single copies $3.50 


net each. The parts are sent post free to subscribers as issued. 


Inquiry as to back numbers should be made to The Cambridge 
University Press. Separate parts and volumes are still available in 


some cases. 























INFORMATION FOR CONTRIBUTORS 


Contributions to Genetics may be in the field of genetics proper, of cytology, taxon- 
omy, embryology, physiology, biometry, or mathematics, if of sufficient importance 
and of such a character as to be of primary interest to the geneticist. For the present, 
the length of manuscripts will be limited to twenty-five printed pages (about twelve 
thousand words) except by special vote of the Editorial Board. Tabular matter in 
excess of one-fourth of the manuscript can not be printed, unless of particular im- 

rtance, but will be kept on file for reference on request provided two copies are 
Faris hed by the author. Excess pages will be printed if paid for by the author (about 
six dollars a page). 

Manuscripts are printed, ordinarily, in the order of their receipt. They may be 

rinted out of turn provided the entire cost is paid by the author. Such material will 
* added to the current number and will not der the publication of any other article. 

Contributors are requested to use care in the preparation of manuscripts. Carbon 
copies can not be considered. All references to literature should cite the name of the 
author, followed by the year of publication, the papers so referred to being collected 
intoa list of “Lrrerature Crrep” at the end of the article. In this list care should be 
taken to give the titles in full, and to indicate accurately, in Arabic numerals, the 
volume number, the first and last pages, and the date of publication of each paper if 
published in a periodical, and the number of pages, place and date of publication, and 
the name of publisher, of each independent publication. The arrangement of this list 
should be alphabetical by author and chronological under each author. Titles of pub- 
lications are abbreviated according to the World list of scientific periodicals, Oxford 
University Press, London and New York, 1925. 

Factor symbols should be separated so that they can be properly identified and 
underlined for italics. Most typewriters do not distinguish between the letter | and 
the figure 1 or the hyphen and the dash. Such distinctions should be made wherever 
there is a possibility of confusion. 

Names of species are printed in italics but genera alone are not and should be 
marked accordingly. 

Footnotes should be avoided wherever possible. Usually, they can be enclosed in 
parentheses and inserted after the sentences to which they apply. If used in the text 
they should be numbered consecutively in a single series and designated by Arabic 
superscript numerals. Footnotes to tables should be marked with an asterisk, dagger, 
or other symbol so as not to be confused with the figures in the tables. 

Illustrations should be referred to as figures wherever possible. Plates are reserved 
for illustrations that require paper inserts or for collections of small figures that can 
not be designated conveniently as separate figures. Text figures should be clearly 
identified but not numbered in the illustration. All figures and plates are reduced to 
a maximum of 434 inches in width and 6 inches in height. 

Legends for figures and plates should be typewritten separately from the illustra- 
tions for the reason that the type is set by the printer and the illustrations are made 
by Baca engraver. Mistakes are likely to occur if the separation is not made by the 
author. 

Galley proofs and, whenever there is time, page proofs will be sent. Authors 
should leave forwarding directions whenever they are to be away from the address 
sent with the manuscript. Ordinarily page proofs can not be sent out of the country. 
Both proofs must be returned promptly and no extensive change may be made in page 
proofs, which is not compensated for within the same paragraph, or in an adjacent 
paragraph on the same page. Changes from copy will be charged to the author. 

Genetics furnishes 75 reprints, without covers, free. Covers and additional re- 
prints may be secured at actual cost of manufacture provided these are ordered 
when the corrected galley proofs are returned. 

Manuscripts and all editorial correspondence should be addressed to the Editor of 
Genetics, 804 Schermerhorn Hall, Columbia University, New York. 


GENETICS 


Vol 22 No.1 


JANUARY, 1937 





CONTENTS OF PRECEDING ISSUES 


JANUARY, 1936 


Gowsn, Joun W., Inheritance as it affects sur- 
vival rats fed a diet deficient in Vitamin D. 
Rusy, Hexszet Parxes, The genetics and phy- 
ey Ce eer 
Angnason, T. J., ee 
Euchlaena mexicana. 


i cena! hybrids 


Castiz, W. E., Gates, W. H. ano Razzp, S. C., 
Studies of a size cross in mice. 


MARCH, 1936 


XIll. A table to determine the expected pro- 
pment nse ow A me 

to any given propor- 
din of mikes dean Neg Aso A 

Harnty, Morais Sisert, Thetungundiie 
tive periods and the growth curves for length 
and area of the vestigial wings of Drosophila 
melanogaster. 

Lrncx, Ciara J. ann Hucues, Tuomas P., 
} at inheritance of susceptibility to yellow 

fever encephalitis in mice. 

Doszuansxy, Tu., Studies on hybrid sterility. 
<a of — factors in Dro 
so roy apr ybrids. 

Ama, Tatuo, Sex reversal in Aplocheilus latipes 
and a new explanation of sex differentiation. 


MAY, 1936 

Weanvwrain, ALsxanper, The theory of multiple- 
strand crossing over. 

yee ny pn cae ic derivatives of 

a na. 

Bzaptz, G. Wo Beanim, Born, The differ- 
entiation of eye pigments in Drosophila as 
studied by lantation. 

Li, ate ano Tsut, Yu-Lm, The develop- 
ment of vestigial wings under high temperature 


in Drosophila melanogaster 
Wasp, Hinamsa, Cobian aoafiee on the chaw- 
mal developmen’ 


mutant type of Drosophila simulans. 

Von Usncu, G., Genetic studies on the nature 
of hermaphroditic plants in Antennaria dioica 
(L) Gaertn. 


JULY, 1936 
The Bussey Institution of Harvard University, 
1872-1936. 
Casriz, W. E. an SS C., Studies of in- 


crossing over 
C., Harelip in the house mouse. I. Effects 

of the vtpten: paryee shoe yee nde 
II. Mendelian units concerned with harelip and 
application of the data to the human harelip 


problem. 
East, E. M., Heterosis. 


Powszrs, Leroy, The nature of the interaction of 
genes affecting four quantitative characters in a 


SruRTEVANT, A. H., Preferential segregation in 
triploIV females of Drosophila melanogaster. 
Anperson, R. L., Effects of temperature on 
fertilization in Habrobracon. 

Srurtgvant, A. H. anp DoszHansxy, Tu., Geo- 
graphical distribution and cytology of “sex ratio” 
in Drosophila pseudo-obscura and related species. 


SEPTEMBER, 1936 


Ruoapes, M. M., A cytogenetic study of a 
chromosome fragment i in maize. 

Sonnesorn, T. M., Factors determining conju- 

ae ion in Paramecium aurelia. I. The cyclical 

tor: the recency of nuclear reorganization. 

II. Genetic diversities between stocks or 


races. 

Hays, F. A., Studies on the inheritance of per- 
sistency 

Cuzszey, ™ anp Dunn, L. C., The inheri- 
tance of taillessness (anury) in the house 
mouse. 

Husrsp, Laptzy, An analysis of chromosome 
structure and behavior with the aid of X-ray 


induced rearrangements 

Srurtsvant, A. H., anp ‘Beavue, G. W., The 
relations of inversions in the X chromosome 
of Drosophila melanogaster to crossing over 
and disjunction. 

B. R., Chromosome structure X. An 

X-ray experiment. 

Srauvserc, Artuur G., The effect of autosomal 
inversions on crossing over in the X chromo- 
some of Drosophila melanogaster. 


NOVEMBER, 1936 


Srsrn, Curt, Somatic crossing over and segre- 
gation in Drosophila melanogaster. 
Bucuuo1z, J. T., AnD Biaxesizz, A. F., Genes 
radium treatment affecting pollen-tube 
growth in Datura. 
re. Yosurraxa, Recurrent auto- and exomu- 
tation of plastids resulting in tricolored varie- 
gation of Hordeum vulgare. 
Wricut, Sewat, AND Cuasz, Herman B., On 
jen genetics of the spotted pattern of the 


Pn ert B., Skooc, Erzanor NIcHOLs, AND 
Li, Ju-Cui, Genetical and cytological studies 
of a deficiency (Notopleural) in the second 
chromosome of Drosophila melanogaster. 

be = C., Genetic maps of the autosomes in 

ila pseudoobscura. 

oma BoRGE, Phenogenetic studies in scute 
of D. melanogaster. III. The effect of tem- 
perature on scute 5. 

Makcouts, Orro S., Studies on the bar series 
of Drosophila. III. The facet relations in dor- 
sal and ventral lobes of the eye. 

DoszHansxy, TH., AND Brapiz, G. W., Studies 
on hybrid sterility. IV. Transplanted testes 
in Drosophila pseudoobscura. 





SINGLE NUMBERS $1.25 


ANNUAL SUBSCRIPTION $6.00 


obtainable from 
Brooxtyn Boranic Garpen, Brooktyn. New Yor 





